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Abstract. A rapid increase of water depth associated with dysoxic bottom conditions took place in the central part of the Precordillera basin
during the middle Darriwilian. The peak of transgression and drowning of the carbonate ramp are marked by the transition from the uppermost
carbonate beds of the San Juan Formation to a rhythmic alternation of graptolitic black shales and marlstones (base of the Los Azules For-
mation). This lithofacial change is associated to a drastic faunal shift involving a renewal of the ecologic structure. The carbonate facies domi-
nated by filter-feeding organisms were rapidly replaced by new communities characterized by benthic and pelagic trilobites and low-richness
assemblages of minute brachiopods. Two main associations are recognized in the Los Azules Formation: a basal ephemeral Sivorthis-
Mendolaspis Association and a more persistent Chilcorthis-Palaeoglossa Association inhabiting deeper and more dysoxic sea-bottoms. The new
plectorthoid family Chilcorthidae is established to include the new genus Chilcorthis. Five new species are described: Palaeoglossa minima sp.
nov., Cyrtonotreta vasculata sp. nov., Philhedra pauciradiata sp. nov., Sivorthis precordillerana sp. nov., and Bockelia canalis sp. nov. Associate taxa
are Anomaloglossa? sp., Cyrtonotreta? sp., Protohesperonomia? sp., Syntrophia? sp. and unidentified Finkelnburgiidae, Polytoechiidae and Ae-
giromenidae. The first successful deep-water incursions are Floian–Dapingian in age, but from the Darriwilian they have been documented in
several paleoplates. These pre-Sandbian brachiopod communities were more restricted geographically than the global Foliomena Fauna with
which they share some taxa and similar morphotypes but differ in the higher proportion of linguliform brachiopods and less diverse plectam-
bonitoids.
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Resumen. UNA ASOCIACIÓN DISAERÓBICA DE BRAQUIÓPODOS DEL ORDOVÍCICO MEDIO (DARRIWILIANO) DEL TERRENO PRECORDILLERA,
ARGENTINA: IMPLICACIONES PARA LA COLONIZACIÓN TEMPRANA DE LAS AGUAS PROFUNDAS. Durante el Darriwiliano tuvo lugar, en la re-
gión central de la cuenca Precordillerana, un rápido incremento de la profundidad asociado a condiciones disóxicas de las aguas de fondo. La
transición entre las calizas de la Formación San Juan y la alternancia rítmica de lutitas oscuras y limolitas calcáreas graptolíticas de la Forma-
ción Los Azules coincide con el máximo de la transgresión y el anegamiento de la rampa carbonática. Esta variación litofacial está acompañada
por un drástico cambio en la composición faunística y en la estructura de las comunidades. Las ricas asociaciones de organismos filtradores
de las facies carbonáticas fueron reemplazadas por comunidades dominadas por trilobites bentónicos y pelágicos y por braquiópodos dimi-
nutos y poco diversos. En la Formación Los Azules se reconocieron dos asociaciones principales: Sivorthis-Mendolaspis (basal) y Chilcorthis-
Palaeoglossa, esta última más persistente y desarrollada en aguas más profundas y disóxicas que la primera. Se erige la nueva familia
Chilcorthidae para incluir el nuevo plectorthoideo Chilcorthis, y se describen las nuevas especies Palaeoglossa minima sp. nov., Cyrtonotreta vas-
culata sp. nov., Philhedra pauciradiata sp. nov., Sivorthis precordillerana sp. nov. y Bockelia canalis sp. nov. Otros taxones descriptos son Anoma-
loglossa? sp., Cyrtonotreta? sp., Protohesperonomia? sp., Syntrophia? sp. y formas no identificadas de Finkelnburgiidae, Polytoechiidae y
Aegiromenidae. Las primeras incursiones exitosas en aguas profundas datan del Floiano–Dapingiano, y para el Darriwiliano han sido docu-
mentadas en varias paleoplacas, incluyendo el terreno Precordillera. Estas comunidades pre-Sandbianas fueron más restringidas geográ-
ficamente que la Fauna de Foliomena, de la cual difieren por su mayor proporción de braquiópodos linguliformes y menor diversidad de
plectambonitoideos, aunque comparten ciertos grupos taxonómicos y similares morfotipos.

Palabras clave. Braquiópodos. Ordovícico. Terreno Precordillera. Faunas disaeróbicas. Aguas profundas.

THE first stages of brachiopod evolution took place during

the Cambrian in low-latitude shallow-water carbonate plat-

forms and associated microbial- to sponge-dominated reefs

(Ushatinskaya, 1996). Certainly, migration of rhynchonelli-

form brachiopods towards deeper environments was a

gradual process involving some key morphological and
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metabolic adaptations to survive in oxygen-depleted wa-

ters and decreasing nutrient availability. The initial colo-

nization of deeper marine water is difficult to assess

because the fossil record in rocks deposited in such envi-

ronments is scattered and its incompleteness casts doubts

on the timing, sites, taxonomic groups involved, and levels

of community organization. Reports on deep-water bra-

chiopod faunas from Lower and Middle Ordovician strata

are scarce in the literature and sedimentological evidence

for assessing bathymetry often is lacking or inconclusive. In

general –and probably for this reason– it is assumed that

the first offshore migrations took place mainly during the

third phase of brachiopod radiation taking place during the

Sandbian (Harper et al., 2004; Servais et al., 2010), reaching

its acme in the Katian with the widespread deep-water Fo-

liomena Fauna (Sheehan, 1973; Cocks and Rong, 1988;

Harper et al., 1999; Rong et al., 1999) and the related Bo-

hemian Proboscisambon Fauna (Havlíček et al., 1994). Some

deep-water equivalents of the Hirnantia Fauna have been

recorded in Argentina (Sánchez et al., 1991) and China (Rong

et al., 2008). However, as shown below, there is evidence of

earlier incursions into dysoxic and probably deeper marine

environments not only in the Precordillera terrane but also

in other paleoplates such as Baltica, Perunica, South China

and Laurentia.

A major phase of brachiopod diversification occurred

in the Precordillera basin near the Dapingian/Darriwilian

boundary in low-energy, open-shelf carbonate environ-

ments (Benedetto, 2007a). Benthic communities from the

uppermost San Juan Formation are highly diverse and con-

sist of sponges, bryozoans, brachiopods, gastropods, nau-

tiloids, rostroconchs, ostracodes, trilobites, and echinoderms

(Benedetto, 2003 and references therein). Rhynchonelli-

form brachiopods constitute a substantial part of the

fauna, reaching up to 20 taxa in some horizons (Sánchez et

al., 1996; Benedetto, 2007a; Sorrentino et al., 2009). Imme-

diately above these levels, a regional flooding surface

followed by deposition of graptolitic black shales and marls

attests for a rapid deepening of the basin. In the studied

area, conodont and graptolite evidence indicates that

drowning began in the middle Darriwilian and continued

until the Sandbian (Albanesi and Ortega, 2002; Carrera et al.,

2013). Demise of the carbonate ramp involved a marked

lithofacial change and a drastic shift in the fauna.

The stratigraphic continuity across the drowning

event, the well-known depositional environments, and the

abundance of fossils in a wide range of facies provide an

excellent frame for studying one of the first attempts of

brachiopods to colonize deep-water habitats. The aim of

this work is to analyze the succession of brachiopod as-

semblages in the transition from well-oxygenated mid- to

outer-ramp carbonates to basinal dysaerobic black shales

and compare them with other deep-water faunas in order to

achieve a more accurate picture of the Ordovician biotic ra-

diation. The second part is a systematic study of the bra-

chiopods discussed herein. It includes the first description

of linguliform and craniiform brachiopods from the Ordovi-

cian of the Precordillera terrane. Among the rhynchonelli-

forms is significant the record of the new genus Chilcorthis,

for which a new family is proposed. Fragmentary silicified

specimens belonging to a taxon referable to this new family

were recovered from late Darriwilian deep-water lime-

stones in the Mendoza Province, in the southern reaches of

the Precordillera terrane. This material was included in this

study in order to more accurately describe the new family.

THE ‘DEEP-WATER’ CONCEPT: BATHYMETRY VS.

OXYGEN CONTENT

Since the pioneering studies by Ziegler (1965), Ziegler et

al. (1969), and Calef and Hancock (1974) on Welsh Silurian

marine communities, fossil assemblages have been widely

used to infer marine environments. The most used in Pa-

leozoic faunas are the Benthic Assemblages (BA) recognized

by Boucot (1975) who divided the shelf margin into six dis-

crete, increasingly deeper zones named BA1 to BA6. The

latter includes the deepest communities (probably >200 m)

dominated by pelagic organisms and with typically dysoxic

or anoxic bottoms. Each of these assemblages is charac-

terized by a set of brachiopod-dominated communities

that tend to occur in a similar bathymetric position world-

wide. However, to avoid circular reasoning, water depth es-

timation by means of faunal evidence per se has to be

approached with caution because community structure is

influenced by physical factors other than water depth. For

instance, oxygen-depleted bottom water inhabited by

low-density and low-richness benthic faunas may develop

locally in such different settings as lagoons, estuaries,

prodeltas, platforms, slopes, and deep oceanic basins.
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Therefore, water depth inference cannot be made inde-

pendently from the overall lithofacies framework. A more

integral approach was attempted by Pickerill and Brenchley

(1991) who equated Boucot’s BA with six environmental

zones each characterized by a set of lithological, tapho-

nomic, ichnological, and faunal attributes.

From a physiographic viewpoint, ‘deep water environ-

ments’ comprise the deep outer shelf, slope, continental

rise, and abyssal floor. In all these settings sediments were

deposited below the storm wave base and below the eu-

photic zone. However, the lower limits of these parame-

ters are quite variable and lack mutual relationships.

Moreover, there is no average wave-base depth applicable

to different basins, and bathymetric evidence from modern

oceans is not entirely applicable to the epeiric Paleozoic

seas (Immenhauser, 2009). In general, storm-induced de-

posits may develop from the intertidal zone to a depth over

200 m. The depth of the photic zone depends on the clarity

or murkiness of the water, but on average reaches down to

about 200 m. At mid-latitudes, such deep waters are also

near or below the seasonal thermocline, the depth of which

fluctuates between some tens of meters to more than 200

m depending on the season. In a wide sense, the so-called

‘deep water’ faunas inhabited depths of at least 100 m and

generally below 200 m, embracing Boucot’s benthic assem-

blages BA5 and BA6.

Excepting a few turbiditic facies, sediments in these

environments are fine-grained and accumulated mainly by

decantation, and bottom water is generally less well oxy-

genated than is shallow shelf water. The organic-rich black

shales bearing pelagic and planktic organisms are a par-

ticular type of facies deposited in dysoxic to anoxic bottom

waters, though not necessarily at great depth. During the

Mesozoic, large-scale black shale deposition events took

place during the Oceanic Anoxic Events (OAE; Schlanger and

Jenkyns, 1976). In the Paleozoic, black shales are wide-

spread in the Upper Ordovician and Silurian, but their fre-

quency decreases during the late Paleozoic. In their classical

paper, Berry and Wilde (1978) related such oceanic water

ventilation to an increasing amount of global atmospheric

oxygen. As a general rule, levels of dissolved oxygen decline

with water depth, but this relation is far from lineal. It is

widely known that it depends on the interaction of a num-

ber of factors such as depth of the photic zone, organic pro-

duction, influx of nutrients released from continents, and

rate of oxidation of organic matter in the bottom sediments,

among others (Savrda and Bottjer, 1991; Allison et al., 1995;

Melchin et al., 2013). The geodynamic setting also plays an

important role since dysoxic bottom water is more frequent

in restricted marine basins such as forelands and strongly

subsiding intracontinental basins (Busby and Ingersoll,

1995; Meyer and Kump, 2008; Fatka and Mergl, 2009).

Numerous indicators of bottom-water oxygenation have

been proposed. Here the revised scheme summarized by

Savrda and Bottjer (1991) of five biofacies defined mainly

on the fabric of sediments and trace fossils is followed.

Among them, only the anaerobic biofacies lacks in situ ben-

thic fauna due to the fully anoxic conditions of bottom wa-

ters. Also useful are the six oxygen-restricted biofacies

(ORB) recognized by Allison et al. (1995), of which ORB 1

and 2 are devoid of benthic organisms. In the ORB 1 also

the nektonic organisms are absent due to the presence of

hydrogen sulphide in the water column.

DEEP-WATER LITHOFACIES IN THE PRECORDILLERA

BASIN

An outstanding feature of the Precordillera folded belt

in western Argentina is the thick succession (c. 2000 m) of

Cambrian–Ordovician passive margin carbonates that

contrasts with coeval clastic and volcaniclastic rocks de-

posited elsewhere in southern South America. This fact,

together with the non-Gondwanan (mainly Laurentian) sig-

nature of its Cambrian–Tremadocian benthic faunas, led

to interpret the Precordillera as a far-travelled terrane de-

tached from the Appalachian passive margin during the

Cambrian and accreted to Gondwana by the end of the Or-

dovician (Benedetto, 1993, 1998, 2004; Astini et al., 1995;

Benedetto et al., 1999, 2009). Carbonate sedimentation in-

terrupted diachronously, first in the northern part of the

basin (the Guandacol depocenter) (Fig. 1) where the upper-

most limestones of the San Juan Formation are early Da-

pingian in age (Dp1, Baltoniodus triangularis Zone), and then

in the central and southern part of the basin where the age

of the last carbonate beds is Darriwilian. Carbonate sedi-

mentation, however, continued at places through the rest

of Darriwilian and the lower Sandbian. In the stratigraphic

section studied in this work (Cerro La Chilca, Fig. 1), demise

of the carbonate platform took place in the uppermost part
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of the Lenodus variabilis conodont Zone (Paroistodus horri-

dus Subzone) through the base of the Yangtzeplacognathus

crassus Zone (early middle Darriwilian, time slice Dw2 of

Bergström et al., 2009) (Carrera et al., 2013). Graptolites

from the overlying black shale interval (Los Azules/Gualca-

mayo Formation) indicate the Levisograptus austrodentatus-

Levisograptus dentatus Zone of Dw2 age (Ortega et al., 2013).

Deep-water laminated black shales grade upwards into

Upper Ordovician shales interbedded with sandstones, con-

glomerates and debris flows containing basement rocks and

Figure 1. 1, Location of studied area and geological sketch showing outcrops of Cambrian and Ordovician rocks in the Precordillera folded belt;
2, Stratigraphic column of the San Juan Formation and Los Azules Formation at Cerro La Chilca, and detail of sampled interval showing the fau-
nal associations discussed in the text.



large boulders and olistoliths derived from the destroyed

carbonate platform. This coarse clastic succession records

deposition in a synorogenic foreland basin undergoing load-

ing-induced flexural subsidence and deformation related to

the collision of the Precordillera terrane against Gondwana

(Astini et al., 1995; Astini, 1998, 2003). Regarding the black

shale deposition, it seems likely that tectonic subsidence

was enhanced by the sea-level rise documented around the

Dapingian/Darriwilian boundary (Munnecke et al., 2010).

The upper part of the San Juan Formation and its transi-

tion to the overlying black shale unit referred to as the Los

Azules Formation (known as Gualcamayo Formation in the

northern part of the basin) are well exposed on the western

slope of the Cerro La Chilca, about 50 km south of Jáchal

village (Fig. 1). The uppermost 15 m of the San Juan Forma-

tion, encompassing the Ahtiella argentina brachiopod Bio-

zone (Herrera and Benedetto, 1991; Benedetto, 2002),

consist of three main lithofacies: nodular wackestone-mud-

stone, spiculitic wackestone, and crinoidal grainstone-pack-

stone (Carrera et al., 2013). Macrofossils are very abundant

throughout the entire interval. Sedimentologic and tapho-

nomic evidence indicates a low-energy environment domi-

nated by deposition of open shelf muds punctuated by

sporadic storm events (Cañas, 1999; Carrera et al., 2013).

The section is capped by a lithoclastic rudstone followed

by amalgamated grainstone beds interpreted as crinoidal

shoals reworked by fair-weather wave-base action (Fig. 1).

According to Carrera et al. (2013), this facies indicates a

decrease in the rate of sea level rise resulting in the last

progradation in the carbonate ramp history. The crinoidal

grainstone culminates with a hardground surface bearing

numerous large-shelled orthoconid cephalopods, often

coated by a ferruginous crust. This level has been inter-

preted as the maximum flooding surface (Carrera and As-

tini, 1998; Cañas, 1999). The hardground is covered by a c.

10 cm-thick bed of dark-grey bioturbated mudstone,

which in turn is overlain by a 4.20 m-thick rhythmic package

of fossiliferous dark shales and marlstones deposited in

response to a rapid sea-level rise. From a sequence stratig-

raphy approach, this shale-marlstone alternation is inter-

preted as deposited during the transgressive systems tract,

whilst the overlying black shales represent the maximum

extent of the starvation event during the highstand sys-

tems tract (Astini, 1994a).

SUCCESSIVE STAGES IN THE DEEP WATER

BRACHIOPOD COLONIZATION

Intensive sampling through this stratigraphic interval in

the Cerro La Chilca section allows recognizing, in ascending

order, three increasingly deeper faunal associations: (1)

brachiopod-sponge dominated Association, (2) Sivorthis-

Mendolaspis Association, and (3) Palaeoglossa-Chilcorthis

Association. Association 1 has been recognized through the

uppermost 15–20 m of the San Juan Formation, whereas

associations 2 and 3 occur at the base and in the lower half

of the Los Azules Formation, respectively (Fig. 1).

The outer carbonate ramp fauna of the San Juan For-

mation

During the last stages of its evolution, the Precordilleran

carbonate ramp was inhabited by a set of communities re-

ferred to as the “demosponge biofacies” by Carrera et al.

(1999) and Carrera (2001), and “high diversity brachiopod-

sponge dominated assemblages” by Waisfeld et al. (2003).

Benthic assemblages consist of demosponges, bryozoans,

brachiopods, gastropods, trilobites, nautiloids, and crinoids.

In terms of biovolume, these communities are largely

dominated by sponges and brachiopods (Sánchez et al.,

1996). Bryozoans are represented by ramose forms which

probably lived attached to sponges (Carrera and Ernst,

2010). Predominant brachiopods are the plectambonitoid

Leptella (Petroria) rugosa Wilson, 1926, and the orthides Pa-

ralenorthis vulgaris Herrera and Benedetto, 1989, Orthidium

sp., and ‘Paurorthis’ ellipticus Herrera and Benedetto, 1989.

Less common components are Productorthis cienagaensis

Herrera and Benedetto, 1989, Martellia mesocosta (Bene-

detto, 1987), Tritoechia (Tritoechia) azulensis Benedetto,

1987, and Taffia (Chaloupskia) anomala Benedetto and He-

rrera, 1986. The relatively large (more than 10 mm wide)

thick-shelled biconvex orthide Paralenorthis Havlíček and

Branisa, 1980, and the strongly concavo-convex plectam-

bonitoid Leptella (Petroria) Wilson, 1926, whose shells are

thickened by prominent overgrowth (comae), predominate

in this association. On the other hand, Ahtiella argentina

Benedetto and Herrera, 1986, Sanjuanella sp., Idiostrophia

sp., Punctolira? sp., and Porambonites sp. are comparatively

rare forms. Predominant in this association are  organo-

phosphatic brachiopods are relatively abundant but their

taxonomy is still incipient (Lavié and Benedetto, in progress).
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The “brachiopod-sponge dominated association” is well

represented in the Cerro Viejo section, which is one of the

most complete and fossiliferous successions of the San

Juan Formation (Fig. 1). At this locality, the San Juan Forma-

tion is conformably overlain by the Los Azules Formation,

but unlike the Cerro La Chilca section, the lower member of

shales and marls is absent. Instead, the cephalopod-rich

hardground surface is sharply covered by thinly and uni-

formly bedded organic-rich black shales characterized by

an overwhelming predominance of graptolites, scattered

phyllocarids, and isolated hexactinellid spicules, the shelly

faunas being extremely rare or lacking at all. The Cerro Viejo

section is of particular interest because lithofacies of the

upper 25 m of the San Juan Formation display a deepening

upwards trend in response to a relative sea-level rise,

helping to understand how those brachiopod assemblages

inhabiting relatively shallow middle-ramp carbonate set-

tings changed in composition as water depth increased

(Sorrentino et al., 2009). In brief, the lower interval of poorly

fossiliferous bioclastic packstones/wackestones is domi-

nated by Paralenorthis vulgaris and Leptella (Petroria) rugosa

in approximately equal proportion. Brachiopod richness in-

creases progressively upwards to reach c. 15 taxa in the

overlying open-shelf nodular and skeletal wackestones/

mudstones and interbedded argillaceous limestones, which

contain the typical ‘brachiopod-sponge dominated associ-

ation’. The fauna is dominated by the liberosessile plectam-

bonitoids Ahtiella argentina and Taffia (Chaloupskia) anomala,

the umbo-down attached orthidiellid Orthidium genicula-

tum Herrera and Benedetto, 1989, and the shallow infaunal

Tritoechia azulensis. The ubiquitous Paralenorthis vulgaris and

Leptella (Petroria) rugosa are fairly common but less abun-

dant than in the underlying packstone/wackestone interval.

Compared to the fauna from the La Chilca section men-

tioned above, the Cerro Viejo assemblage is rather similar

in composition but differs significantly in species proportion,

showing a clear dominance of liberosessiles (plectamboni-

toids), particularly Ahtiella argentina and Taffia (Chaloupskia)

anomala, as well as shallow infaunals (e.g., species of Tri-

toechia Ulrich and Cooper, 1936, and Martellia Wirth, 1936).

According to Sánchez et al. (1996), this assemblage may

have lived in deeper waters than the La Chilca fauna, in-

habiting muddy substrates from sites along the outer mar-

gin of shelf.

The Sivorthis–Mendolaspis Association

A rapid faunal change occurs in the passage from the

San Juan Formation limestones to the Los Azules Forma-

tion. Its basal mudstone bed typically contains the Sivorthis-

Mendolaspis Association. Fossils are concentrated in a 5–10

mm-thick pavement developed at the top of the dark grey

bioturbated mudstone bed (Fig. 2.1, 2.3). The assemblage

consists of abundant disarticulated sclerites of the raphio-

phorid trilobite Mendolaspis salagastensis Rusconi, 1951, to-

gether with fragments of other trilobites and crinoid plates.

Brachiopods are represented by isolated valves of the or-

thide Sivorthis precordillerana sp. nov. and the plectam-

bonitoid Boeckelia canalis sp. nov. Other rhynchonelliform

brachiopods (Protohesperonomia? sp., Polytoechiidae indet.)

and linguliformeans are extremely rare, while graptolites

are absent. It is inferred that this pavement formed by win-

nowing of bottom sediments by the action of low-energy

currents and it may represent an omission surface resulting

from a very low net sedimentation rate. Such omission sur-

faces and/or condensed successions are commonly asso-

ciated with rapid transgressive events.

The Palaeoglossa–Chilcorthis Association

The overlying 4.20 m-thick rhythmic package of dark

shales and marlstones yielded most of the brachiopods des-

Figure 2. 1, Sampled interval at Cerro La Chilca section showing the basal mudstone bed bearing the Sivorthis-Mendolaspis Association (SM) and
the rhythmic succession bearing the Palaeoglossa-Chilcorthis Association (PC), indicated by the white bar; 2, detail of the area enclosed within
the rectangle in figure 2.1 showing couplets of shale/marlstone; 3, view transversal to bedding plane showing the shell concentration at the
top of the basal mudstone bed bearing the Sivorthis-Mendolaspis Association; 4, slab showing fossils forming a pavement interbedded with
sparcely fossiliferous shales and mudstones; 5, bedding plane with fragmented graptolite rhabdosomes; 6, marlstone representative of the
graptolite-acrotretid assemblage within the Palaeoglossa-Chilcorthis Association; 7, oriented valves of Palaeoglossa minima sp. nov.; 8, branched
borings on a nileid pygidium; 9, plumulitid machaeridian plate in the Palaeoglossa-Chilcorthis Association; 10, thoracopygon of Nileus depressus
argentinensis; 11, articulated specimen of Mendolaspis salagastensis. Scale bars 3–4= 10 mm; 5=  5mm; 6–11= 2 mm.
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cribed herein. It consists of 10–15 cm-thick couplets of dark

grey lime-mudstones (marlstones) and shale partings

(Fig. 2.1–2). Their characteristic ‘ribbon limestone’ aspect

is enhanced by differential meteorization of the less cal-

careous shale hemicycle. Contacts between beds are planar

or undulate. Internally, the mudstone beds are massive or

exhibit vague mottling, which according to Savrda and

Bottjer (1991) can result from textural/compositional ho-

mogeneity of the sediment. The tops of the mudstone beds

often display low-angle, crossed micro-laminations, proba-

bly generated by sporadic low-energy bottom currents (e.g.,

dilute turbidity currents triggered by storms). Small-diame-

ter vertical burrows with some cross-cutting relationships

have been described at the top of the mudstones from en-

vironmentally similar successions exposed in the northern

part of the basin (Astini, 1994b). The whole succession has

been interpreted as hemipelagic deposits, the mudstone

beds being mainly periplatform oozes derived from the ad-

jacent drowned carbonate platform (Astini, 1994b), whereas

the shale intervals may have been generated by decanta-

tion of clastic material periodically suspended in the water

column by storm events on the shelf.

The fauna hosted in this facies is not homogeneous and

two somewhat different assemblages can be recognized on

the basis of faunal density, richness, shell size, taxonomic

composition, and taphonomic attributes: (a) an assemblage

dominated by trilobites and rhynchonelliforms, which is

well-represented in the shale interval of the couplets (Fig.

2.4), and (b) an assemblage dominated by acrotretids and

graptolites present in the marlstone interval of the couplets

(Fig. 2.5–6). Both assemblages, however, may alternate

suggesting rapid fluctuation of environmental factors (e.g.,

levels of bottom oxygenation). In the shale interval, shelly

faunas are usually preserved as two-dimensional concen-

trations dominated by disarticulated trilobite exoskeletons

(isolated thoracic segments, pygidia, and cranidia), although

complete specimens lacking free cheeks or thoracopygidia

of Mendolaspis salagastensis and Nileus depressus argenti-

nensis Tortello and Peralta, 2004 (probably moults) are rela-

tively frequent (Fig. 2.10–11). Less common trilobites are

Geragnostus sp., Neptunagnostella superba Shergold (in Bal-

dis et al., 1995), Kweichowilla sp., Porterfieldia sp., Carolinites

latus Tortello and Peralta, 2004, Carolinites aff. pardensis

Legg, 1976, and Macrogrammus pengi Edgecombe, Chatter-

ton, Vaccari and Waisfeld, 1999. This trilobite association

was referred by Tortello and Peralta (2004) to the raphio-

phorid biofacies recognized by Fortey and Owens (1978).

The main characteristics of the rhynchonelliform fauna

are low species density (intensive sampling of the 4.2 m-

thick interval yielded c. 180 specimens) and low richness

(eight species). Also distinctive is the small size of the fauna:

only Anomaloglossa? sp. attains up to 20 mm, most indi-

viduals being smaller than 5 mm. The minute thin-shelled

Chilcorthis huarpe gen. et sp. nov. is by far the more abun-

dant species, accounting for c. 92% of the total rhynchone-

lliform specimens, whereas Sivorthis precordillerana sp. nov.,

Boeckelia canalis sp. nov., Syntrophia? sp., Protohesperono-

mia? sp., Aegiromenidae indet., and Finkelnburgiidae? indet.

are much less frequent and constitute the remaining 8% of

the rhynchonelliform fauna. All specimens are disarticu-

lated, lacking any evidence of abrasion or fragmentation.

Dorsal and ventral valves occur approximately in similar

numbers, commonly having a convex-up orientation, and

they do not show preferential orientation in plan view. Lin-

guliforms constitute a substantial part of the assemblage.

Palaeoglossa minima sp. nov. is the dominant species whereas

Cyrtonotreta vasculata sp. nov. and Cyrtonotreta? sp. are less

common (Fig. 2.7). Apart from rare craniiformeans (Philhe-

dra pauciradiata sp. nov.), isolated plates of machaeridian

annelids (plumulitids) (Fig. 2.9) and crinoid columnals, no

other organisms with calcareous skeletons have been

found. Hexactinellid spicules have been recorded in black

shales of similar age (Carrera and Ortega, 2009). All tapho-

nomic features indicate small-scale winnowing of the

bottom fauna and nearly complete absence of lateral trans-

port, leading to interpret these faunas as essentially in situ

and therefore representative of the benthos inhabiting this

region of the basin.

Compared to the the above described assemblage from

the shale member of couplets, the interbedded calcareous

mudstones show notably low abundance and richness.

Fossil remains are more or less uniformly distributed within

the sediment, though some alternating laminae may display

low-density accumulations. The bedding planes are domi-

nated by the micromorphic (<2 mm) Cyrtonotreta? sp. and a

great variety and abundance of graptolite rhabdosomes

(Fig. 2.5–6). In some beds, micromorphic organophos-

phatic shells form strings or appear clustered in small areas.
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Valves of Palaeoglossa minima sp. nov. are sporadically

present. Trilobite remains are comparatively less abundant

and diverse than in the shale partings. The nearly complete

absence of rhynchonelliforms is another conspicuous fea-

ture of this assemblage. When present, valves of Chilcorthis

huarpe gen. et sp. nov. are extremely minute (1–2 mm

wide). The acrotretid-graptolite dominated assemblage be-

comes dominant up-section where the mudstone-shale

couplets are less discernible, probably reflecting a progres-

sive deepening of the basin.

The alternation of the two above-mentioned faunal

assemblages can be explained in terms of the genesis of

the Los Azules rhythmite. Our interpretation is that the

marl-shale couplets result from a cyclic fluctuation of car-

bonate and siliciclastic supply. Organic-rich calcareous

shales (marls) deposited during low-energy events (e.g., di-

lute trail of the turbidity currents), which produced small-

scale winnowing of the bottom and minor reworking of

fossil remains, thus generating thin pavements (Fig. 2.4).

The fine-grained material forming the shale member of the

couplets was carried from proximal areas by suspension

plumes and deposited as periplatform oozes (Astini, 1994a).

The high organic matter content coupled with the low-rich-

ness and low-diversity benthic fauna and the lack of exten-

sive bioturbation point to a dysoxic environment inhabited

by typical dysaerobic faunas (biofacies ORB 3–4 of Allison et

al., 1995). However, the alternation of trilobite/rhyncho-

nelliform-dominated and acrotretid/graptolite-dominated

faunas indicates that oxygen levels experienced short-term

fluctuations, the former assemblage representing probably

upper dysaerobic communities (ORB 3–4 transition), and

the latter lower dysaerobic communities (ORB 3).

PALEOECOLOGICAL REMARKS

The passage from the carbonate ramp (upper San Juan

Formation) to the ramp-to-basin transition (lower member

of the Los Azules Formation) is marked by a drastic faunal

shift. Replacement of the fauna is characterized by renewal

of the ecologic structure, as occurs when the sea-level rises

rapidly (Botquelen et al., 2006). The change in water depth

and oxygenation introduced limiting paleoecological factors

as few benthic faunas were capable of surviving under the

new physico-chemical conditions. Of the high-diversity plat-

form assemblages dominated by filter-feeding organisms

only a few small forms persist. The new benthic communi-

ties are characterized by abundant trilobites and low-

richness and low-density brachiopod assemblages. Among

trilobites, life habits of agnostids are controversial and

probably include both planktic and benthic species (Fortey

and Owens, 1999). Carolinites Kobayashi, 1940, was un-

doubtedly an epipelagic form. Nileus Dalman, 1827, has been

interpreted as a filter-feeder living partially buried in the

substrate (Fortey, 1986). Porterfieldia Cooper, 1953, as most

olenids, was a particle-feeding trilobite with a thin exoskele-

ton in response to low oxygen bottom waters (Fortey and

Owens, 1999). The raphiophorid Mendolaspis Rusconi, 1951,

the commonest trilobite in the studied assemblage, was a

specialized filter-feeding benthic form. Finally, the small

shumardiid Kweichowilla Chang (in Chang et al., 1964) has

been interpreted as particulate-feeder. Small borings having

a Chondrites-like branching pattern were observed on some

smooth nileid pygidia (Fig. 2.8) and valves of Bockelia canalis

sp. nov., but the tracemaker remains unknown. Isolated

plates of plumulitid machaeridians are relatively abundant in

the black shales. The dorso-ventrally flattened plumulitids,

like the polychaete annelids, probably were epibenthic and

deposit-feeders (Vinther and Briggs, 2009).

The rhynchonelliform fraction of communities consists

of small epibenthic forms with functional pedicle living

umbo-down attached to substrate as Chilcorthis huarpe gen.

et sp. nov. and Sivorthis precordillerana sp. nov. (equivalent to

guild G2 of Waisfeld et al., 2003: fig. 4), and liberosessile

forms such as the plectambonitoid Boeckelia canalis sp.

nov. and the minute undetermined aegiromenid. Although

some small plectambonitoids (e.g., Benignites Havlíček,

1952, Urbimena Havlíček, 1976, some species of Aegiro-

mena Havlíček, 1961) as well as certain obolids have been

considered epiplanktic forms living attached to floating

seaweeds (Havlíček, 1967; Bergström, 1968; Havlíček and

Vaněk, 1990; Havlíček et al., 1993), this mode of life was

questioned by Sheehan (1977) and more recently by Holmer

(1989) and Candela (2011). Indeed, Jaanusson (1984) noted

that the minute thin-shelled aegiromenids lacked a pedicle

to attach to floating objects. Since the unidentified ae-

giromenid and Chilcorthis huarpe gen. et sp. nov. have large

protegula it seems likely that they had a relatively long

planktotrophic larval phase (Freeman and Lundelius, 2008).

Such delay of metamorphosis and settlement could have
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been critical to survive during periods of extremely low oxy-

genation of bottom waters (cf. Oschmann, 1993). The micro-

morphic acrotretids probably lived attached to siliceous

sponges, as suggested by the presence of isolated hexa-

ctinellid spicules (Carrera and Ortega, 2009). Accumulation

of valves of Cyrtonotreta? sp. forming patches or strings on

bedding planes is an additional evidence for such a strategy.

The large-sized obolid Anomaloglossa? sp. was probably a

semi-endobenthic form, whereas the small thin-shelled

Palaeoglossa minima sp. nov. lived attached near the water/

sediment interface. Most craniids are characterized by a ce-

menting or encrusting mode of life. The craniid Philhedra

pauciradiata sp. nov. probably lived cemented by its flat ven-

tral valve to trilobite sclerites (Ivantsov and Ushatinskaya,

1996) or sponge bases (Mergl, 2002). The significance of its

spinose dorsal valve is unclear, but by analogy with the long

hollow spines of the siphonotretid Acanthambonia Cooper,

1956, they may have provided supplementary attachment

on the soft muddy bottom when solid objects were not

available (Wright and Nõlvak, 1997).

PRE-SANDBIAN RECORDS OF DEEP-WATER

ASSEMBLAGES

One of the first records of deep-water assemblages has

been reported from the South China plate. By the Ordovi-

cian, the mixed clastic-carbonate deposits of the Yangtze

Platform were bordered to the SW (present coordinates)

by the deep-water sediments of the Jiangnan Slope. In this

region, the Tremadocian is represented by banded nodular

and argillaceous limestones lacking body fossils. The over-

lying Tonggao Formation, of Floian age (T. approximatus–A.

filiformis zones), consists of finely laminated, graptolite-rich

claystones and mudstones with siltstones and sandstones

increasing upwards. Most fossils come from the lower half

of the formation. Quantitatively, near one half are bra-

chiopods and the rest are graptolites and trilobites (Zhan

and Jin, 2008a). Data on the bathymetry are not conclusive,

but the Tonggao Formation is considered as deposited in a

muddy slope along to the edge of the Yangtze Platform.

Brachiopod assemblages show low richness and low diver-

sity, and shells of most species are thin and small (less than

5 mm wide). Linguliforms are represented by Conotreta Wal-

cott, 1889, Palaeoglossa Cockerell, 1911, Lingulella Salter,

1866, and Elliptoglossa Cooper, 1956, and rhynchonelliforms

by Paralenorthis and Protoskenidioides Williams, 1974, with

Yangtzella Kolarova, 1925, and Nereidella being abundant

only in some silty mudstone beds. As Zhan and Jin (2008a)

noted, the absence of plectambonitoids is striking since

Leptella Hall and Clarke, 1892, is a common component of

the almost coeval Sinorthis fauna inhabiting the adjacent

Yangtze Platform. The deepest occurrence of brachiopods

on this platform is the Lepidorthis-Virgoria association, which

occurs in mudstones deposited in quiet waters below storm

wave action. This fauna was referred to Boucot’s Benthic

Assemblage 4 (Zhan et al., 2006; Zhan and Jin, 2008b).

The West Bohemian Massif, East Bavaria and Thuringia

regions of central Europe have been considered, mainly

on paleontological evidence, as forming part of the small

terrane or microcontinent Perunica located during the Or-

dovician at a high latitude on the periphery of Gondwana

(Havlíček et al., 1994; Fatka and Mergl, 2009; Servais and

Sintubin, 2009). The Prague basin originated as a narrow,

tectonically controlled trough filled in its deeper part with

dark clay and mudstone. The first deep-water sedimenta-

tion took place in the Dapingian (middle and upper part of

the Klabava Formation), with abundant graptoloids and den-

droids, small organophopshatic brachiopods, diverse trilo-

bite associations (including the cyclopygid biofacies), and

rare rhynchonelliformeans (Nocturnellia and Nereidella com-

munities) (Fatka and Mergl, 2009). The benthic assemblages

of Darriwilian black shales (Šárka Formation), referred to

the Euorthisina-Placoparia Community, are low-diversity

assemblages  and include a few linguliforms and rhyncho-

nelliforms (Eodalmanella Havlíček, 1950 and Euorthisina

Havlíček, 1950) and a significant number of trilobites. Some

linguliforms (e.g., Paterula Barrande, 1879, and Rafano-

glossa Havlíček, 1980) have been interpreted as having an

epiplanktic mode of life. Associated forms are caryocaridid

crustaceans, graptolites, nautiloids, conulariids, and pelagic

trilobites, including cyclopygids (Havlíček and Vaněk, 1990,

1996; Fatka and Mergl, 2009). By the end of the Darriwilian

(Da4) the overlying black clayey shales deposited in the

deeper part of the basin (Dobrotivá Formation) contain the

plectorthoid Brandysia Havlíček, 1975, the plectambonitoids

Urbimena, Aegiromena and Benignites, and the linguliforms

Paterula and Rafanoglossa.

During the early Paleozoic the Baltica paleocontinent

drifted northwards reaching the paleoequator by the end
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of the period after its collision with Avalonia (Cocks and

Torsvik, 2006). This latitudinal movement is reflected by a

large-scale change from cold-water siliciclastic sediments

to warm-water tropical carbonates (Dronov and Rozhnov,

2007). The thorough paleoecological analysis carried out

by Candela and Hansen (2010) on the mid-late Darriwilian

(Didymograptus artus–Glyptograptus teretiusculus zones)

Elnes Formation of the Oslo region, Norway, recognized two

main brachiopod associations in offshore settings, e.g., a lin-

gulid association, dominated by acrotretids and lingulids,

found in the dark-grey dysoxic mudstones deposited in

offshore bottoms below the storm wave base, and an asso-

ciation consisting of flat-shelled plectambonitoids (Alwynella

Spjeldnaes, 1957, and Cathrynia Candela, 1999, abundant

lingulids (Broeggeria) and indeterminate dalmanelloids

that inhabited presumably slightly more oxygenated soft

bottoms.

Patzkowsky (1995) recognized six biofacies in the upper

Darriwilian–lower Sandbian of Laurentia (upper Whiterock

through lower Mohawkian Series); of these, the Paucicrura-

plectambonitacean biofacies occurs in offshore bioturbated

argillaceous wackestones, and the inarticulate biofacies

occurs in finely laminated dark shales and calcisiltites de-

posited in the deeper part of the basin. The latter biofacies

is dominated by organophosphatic brachiopods (e.g., Ecte-

noglossa?, Paterula?), scarce plectambonitoids, raphiophorid

trilobites, and graptolites.

COMPARISON WITH LATE ORDOVICIAN DEEP-WATER

FAUNAS

Unlike the widespread Foliomena Fauna, the pre-Sand-

bian deep water communities mentioned above lack dis-

tinctive core taxa and are far less diverse. Their components,

however, share with the Late Ordovician/Silurian deep-

water colonizers a set of morphological features –and

probably modes of life– comparable to some extent: (1) lin-

guliform and rhynchonelliform shells are minute and thin-

shelled, and their size normally is lesser than 5 mm. In the

studied fauna, only Anomaloglossa? sp. and Sivorthis pre-

cordillerana sp. nov. are larger than 20 mm but they are con-

fined to the base of the deepening succession, becoming

extremely rare up-section in the monotonous black shale

facies; (2) species density in deep-water deposits remains

low to very low troughout the Ordovician; (3) rhynchonelli-

form diversity is low in the Floian–Darriwilian assemblages

and slightly increases in the Foliomena Fauna (normally four

to eight species, with a maximum of 13; Rong et al., 1999).

Relatively more diverse assemblages have been recorded in

shallower-water facies (e.g., in Sardinia; Villas et al., 2002).

Thus, the 10 taxa recorded in the Los Azules Formation

renders the studied fauna one of the more diverse pre-

Sandbian assemblages; (4) deep-water orthoideans show

low diversity throughout the Ordovician. In the pre-Sand-

bian faunas they are represented by Paralenorthis (in China)

and Sivorthis (in the studied fauna). Their lifestyle was

probably comparable to that of Glyptorthis Foerste, 1914, a

genus relatively common in the Foliomena Fauna. In the Pre-

cordillera basin, Paralenorthis vulgaris has been recorded

not only in a variety of facies across the carbonate platform,

but also in volcaniclastic rocks of the Famatina Range and

in clastic successions in NW Argentina, indicating that it was

a eurytopic form capable of developing an opportunistic

strategy to cope with stressful environments; (5) plec-

torthoids are represented in pre-Sandbian assemblages

by Brandysia (Cremnorthidae), Eodalmanella (Ranorthidae),

and the new genus Chilcorthis (Chilcorthidae) described

herein. These forms have in common their small shells

with strongly convex ventral valve and fine costellate orna-

ment, recalling the external morphology of the resserellid

Dedzetina Havlíček, 1950, a typical component of the Folio-

mena Fauna. Euorthisina (Euorthisinidae) has been recorded

in deep-water assemblages of China and Perunica. Although

absent in the studied fauna, it is worth noting that the small

basal euorthisinid Protorthisina Benedetto, 2007b, thrived

in dark-gray, olenid-rich muddy bottoms of Late Cambrian

age in northwestern Argentina (Benedetto, 2007b) proba-

bly constituting one of the first attempts of rhynchonelli-

forms to colonize dysoxic bottoms. Euorthisinids became

extinct before the Sandbian, which explains their absence in

the Foliomena Fauna; (6) dalmanellidines are uncommon in

both pre-Sandbian assemblages (Nereidella, Paucicrura) and

the Foliomena Fauna, in which only Dedzetina and the di-

coelisiid Epitomyonia have been recorded in more than three

localities (Rong et al., 1999); (7) Skenidoides Schuchert and

Cooper, 1931 (Protorthida) is a ubiquitous component of the

Foliomena Fauna and persists into the upper Llandovery

deep-water assemblages (Doyle et al., 1990; Rong et al.,

1999). The only skenidiid recorded in pre-Sandbian deep-
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water faunas is Protoskenidioides minor Xu and Liu, 1984, from

the Tonggao Formation of South China. It is interesting to

note that a still undescribed (probably new) skenidiid is

abundant in deep-water dark argillaceous Darriwilian lime-

stones from the Precordillera basin (Las Aguaditas For-

mation), from which rich silicified trilobite faunas were

recovered from etched residues (Edgecombe et al., 2005,

and references therein). Some features of the new pec-

torthoid genus Chilcorthis, such as its minute, transverse

concavo-convex shell with proportionally long ventral in-

terarea, recall those of skenidiids, but it is uncertain as to

whether they had similar life habits; (8) pentamerides are

common in Ordovician shallow-water carbonate platforms

but are very scarce in deep-water facies. The Los Azules

Formation has yielded a single specimen of Syntrophia? sp.,

whereas Yangtzella occurs as a rare form in the Chinese

Jiangnan slope. In the typical Foliomena Fauna pentamerides

rarely have been reported elsewhere (two records in China

and one in Avalonia; Rong et al., 1999); (9) lissatrypids are a

common component of Late Ordovician and Silurian deep-

water assemblages but are unknown in rocks older than

early Sandbian, and no morphological equivalents have

been found in these strata; (10) richness of strophomenids

increased progressively during the Middle Ordovician,

reaching a peak in the Foliomena Fauna in which Rong et al.

(1999) recorded a total of 29 taxa (considering all surveyed

localities); this points to the important role that β-diversity

played in the Ordovician brachiopod diversification. In the

Floian Jiangnan slope facies of South China, plectambonitoids

are lacking, which may be due to the fact that strophome-

nides did not begin to diversify until the Darriwilian. The only

plectambonitoid in the coeval assemblages of the adjacent

Yangtze platform is Leptella (Zhan and Jin, 2008a), which did

not colonize deeper waters probably because of its paleoe-

cological preferences: Leptella is characterized by a strongly

concavo-convex shell profile and thickened valves (espe-

cially the subgenus Petroria), and the evidence from the

Precordillera platform indicates that it was preferentially a

dweller of relatively shallow and well oxygenated waters.

Only the small Bockelia canalis sp. nov. and a minute uniden-

tified aegiromenid have been recorded in the assemblage

studied in this paper. Small, flat-shelled plectambonitoids

are also common in the upper Middle Ordovician black shales

of Bohemia and Norway (e.g., Sericoidea, Benignites, Chone-

toidea Jones, 1928, Aegironetes Havlíček, 1967, Alwynella).

In the Upper Ordovician, besides the smooth strophomenoid

Foliomena Havlíček, 1952, a varied suite of plectambonitoids

have been recorded, the more ubiquitous being Leangella

Öpik, 1933, Christiania Hall and Clarke, 1892, Kozlowskites,

Chonetoidea, Leptestiina Havlíček, 1952, and Anisopleurella;

(11) linguliforms are an important component of most pre-

Sandbian deep-water faunas, not only in number of taxa

but also in shell density. In the above-described Palaeo-

glossa-Chilcorthis Association nearly 80% of the shells are

linguliforms (obolids and acrotretids). On the other hand, the

Palaeoglossa and Lingulella-Protoskenidioides associations

characterize the Chinese Tonggao Formation (Zhan and Jin,

2008a), and in Norway lingulids are found in a wide range

of environments but are dominant in slightly dysoxic, rela-

tively deeper waters (Candela and Hansen, 2010). The

Darriwilian dysaerobic black shales of the Prague basin

yielded abundant obolid lingulates, and rarely Cyrtonotreta

Holmer, 1989 and Schizocrania Hall and Whitfield, 1875. In

some places, Paterula is particularly abundant (Mikulas,

1998), constituting the Paterula Community Group of Mergl

(2002). The Foliomena Fauna lacks distinctive organophos-

phatic brachiopod genera and their richness is, in propor-

tion, lower than in the pre-Sandbian faunas.

In short, the first deep-water communities are docu-

mented since the Floian becoming more widespread during

the Darriwilian, but such deep-water incursions were more

ephemeral and more restricted geographically than the

succeeding Foliomena Fauna. Linguliform brachiopods con-

stituted a substantial fraction of the pre-Sandbian deep-

water ecosystems but their relative importance diminished

towards the Late Ordovician. Rhynchonelliform brachio-

pods, on the contrary, were initially less diverse than in the

Foliomena Fauna, being represented essentially by small

ventribiconvex orthides and moderately diverse plectam-

bonitoids. Although the Early–Middle Ordovician orthid

genera are different from those of the Foliomena Fauna

they display certain morphological similarities probably as

response to similar ecological requirements.

Discovery of the oldest known Foliomena assemblage

in the late Darriwilian black shales of South China led Liang

et al. (2014) to suggest that the Foliomena Fauna origi-

nated in restricted, oxygen-deficient local depressions on

the Yangtze platform. As Rong et al. (1999) stated, further



studies are needed to identify the probable ancestors of the

Late Ordovician deep-water faunas. Crucial for this purpose

is a better knowledge of the phylogeny of plectambonitoids

as they constitute, together with Cyclospira, Dedzetina, and

Skenidioides, the hallmark of these peculiar communities.

Institutional abbreviations. CEGH-UNC, Centro de Investiga-

ciones Paleobiológicas, CICTERRA and Universidad Nacional

de Córdoba, Córdoba, Argentina; BB, Brachiopoda of the

Department of Palaeontolology of the British Museum

(Natural History), London, England.

SYSTEMATIC PALEONTOLOGY

Order LINGULIDA Waagen, 1885

Superfamily LINGULOIDEA Menke, 1828

Family OBOLIDAE King, 1846

Subfamily OBOLINAE King, 1846

Genus Palaeoglossa Cockerell, 1911

Type species. Lingula attenuata J. de C. Sowerby in Murchison, 1839;
original designation. Meadowtown Formation, Shropshire, England.
Lower Sandbian (Llandeilo).

Palaeoglossa minima sp. nov.

Figure 3.1–9

Derivation of name. Latin, nominative feminine singular of

minimus (= small).

Diagnosis. Shell small, roundly subtriangular. Pseudointer-

area proportionally high, 12–14% of valve length, divided by

narrow and deep almost parallel-sided pedicle groove. Um-

bonal muscle scars suboval, slightly divergent. Inner surface

with scattered coarse pits irregularly distributed.

Type material. Holotype: CEGH-UNC 25792 (internal mold

of ventral valve). Paratypes: CEGH-UNC 25790–25791,

25793–25803, 25833b, 25838–25845, 25847–25849.

Geographic occurrence. Cerro La Chilca, San Juan province,

western Argentina.

Stratigraphic occurrence. Lower member of the Los Azules

Formation, Middle Ordovician (early middle Darriwilian).

Description. Shell thin, minute (holotype 5.3 mm long, 3.5

mm wide; average length 4.7 mm), subequally and weakly

biconvex, roundly subtriangular in outline, with broadly

acute apex and gently rounded anterior margin. Average

length/width ratio 1.45 in ventral valve (71% as wide as

long) and 1.33 in dorsal valve; maximum width located be-

tween two thirds and three quarters of the valve length.

External ornament of fine closely spaced growth lines;

most specimens with a variably marked growth disconti-

nuity at about two thirds of the valve length and scattered

growth lamellae between this point and the anterior mar-

gin. Ventral pseudointerarea anacline, undercut occupying

12–14% of total valve length. Propareas subtriangular with

numerous closely spaced growth striae divided medially

by a deep narrow pedicle groove with subparallel margins;

flexure lines lacking.

Ventral muscle scars and vascular system generally

weakly impressed. Umbonal muscle impressions occa-

sionally preserved as small, suboval to crescent–shaped,

slightly divergent scars. Median septum usually absent. A

single well-preserved specimen with three pairs of elongate

muscle impressions situated slightly beyond mid-valve

corresponding probably to the outside lateral, central, and

anterior lateral scars. Inner surface with scattered, coarse,

randomly distributed pits; in some specimens pits form a

roughly radial pattern near the anterior margin.

Dorsal pseudointerarea striated, gently raised above

valve floor, its length approximately half of that of the ven-

tral valve. Dorsal septum low, narrow, reaching about 40%

of the valve length. Central muscle scars located subme-

dially, suboval elongate in outline. Other muscle scars and

vascular system unknown. Inner surface with irregularly

distributed pits.

Remarks. The small specimens from the Los Azules Forma-

tion are assigned to Palaeoglossa instead of the closely re-

lated Lingulella on the basis of their roundly subtriangular

outline (Lingulella tends to be subrectangular), the lack of

discernible flexure lines in both pseudointerareas, and the

low inclination of the dorsal pseudointerarea. The presence

of well-developed pits in the Precordilleran internal molds

is most similar to Lingulella but, as Sutton et al. (1999)

stated, the taxonomic significance of this feature is unclear.

Overall, the new Precordilleran species is closely compara-

ble to the type species Palaeoglossa attenuata from the late

Darriwilian (Llandeilo regional stage) of England. However,

the umbonal muscle scars in the English material differ

from those of the Precordilleran species by being more
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elongate and divergent. Another difference is the presence

in Palaeoglossa minima sp. nov. of deeply impressed lateral,

central and anterior muscle scars, though this feature is

rarely preserved. Moreover, the pedicle groove in the Pre-

cordilleran material is deeper and narrower than in P. atte-

nuata (cf. Williams, 1974: pl. 3; fig. 6), the dorsal septum is



shorter, and the shell size is, in average, considerably smaller

(length in adults specimens of P. attenuata is c. 15 mm).

Palaeoglossa myttonensis Williams, 1974, from slightly older

strata of England (Floian to Dapingian), was considered by

Sutton et al. (1999) as a junior synonym of Palaeoglossa

petalon (Davidson, 1868). Palaeoglossa petalon differs from

P. attenuata in a few characters: the shell of P. petalon tends

to be more triangular, but since the outline in both species

is highly variable this feature is not conclusive. Another

difference is the marked increase with growth of the

length/width ratio in P. petalon. Muscle scars cannot be

compared because they are not impressed in the English

species. Palaeoglossa yarrimbahensis Percival and Engel-

bretsen, 2007, from the Floian of New South Wales (Aus-

tralia) clearly differs from P. minima sp. nov. in its ovoid shell

outline, very short pseudointerarea, and absence of dorsal

septum. The Chinese species Palaeoglossa longa Xu and

Liu, 1984, of Floian age, differs in its suboval outline, with

maximum width located near to the valve mid-length.

Palaeoglossa? razumovski (Lermontova, in Lermontova and

Razumovskij, 1933), from the Lower Ordovician of the

southern Urals (Popov and Holmer, 1994), differs from the

present new species in its considerably longer pseudoin-

terarea and well-defined flexure lines. According to the

emended diagnosis by Sutton et al. (1999) this species

should be referred to Lingulella on the basis of the presence

of conspicuous flexure lines. Other species from the Or-

dovician of Bohemia formerly attributed to Palaeoglossa by

Havlíček (1982) have been referred to the new genera My-

toella and Wosekella by Mergl (2002).

Genus Anomaloglossa Percival, 1978

Type species. Anomaloglossa porca Percival, 1978; original designa-
tion. Goonumbla Volcanics, New South Wales, Australia. Upper Or-
dovician (Eastonian).

Anomaloglossa? sp.

Figure 3.10–16

Material. External and internal moulds of dorsal valves,

CEGH-UNC 4260, 4267, 4268, 25837, 25846, 25790, 25891.

Geographic occurrence. Cerro La Chilca, San Juan Province,

western Argentina.

Stratigraphic occurrence. Lower member of the Los Azules

Formation, Middle Ordovician (early middle Darriwilian).

Description. Shell large (up to 22 mm long and 14 mm wide),

elongately oval in outline; average length/width ratio

0.63; maximum width located at about valve mid-length.

Dorsal valve gently convex. Ornament of fine growth lines

and irregularly spaced coarse concentric undulations; radial

striae superimposed to the concentric ornament more visi-

ble on the lateral sides of exfoliated valves. Ventral valve

unknown. Interior of dorsal valve with narrow pseudointer-

area extending laterally along the posterolateral margins.

Diffuse longitudinal rounded ridges on the anterocentral re-

gion of dorsal internal molds (Fig. 3.13). Variably developed,

weak median septum running from near the pseudointer-

area to about 40–45% of the total valve length. Muscle scars

indiscernible. Internal surface with irregularly distributed,

relatively coarse pits more prominent on the posterior half.

Remarks. The present material is questionably assigned to

Anomaloglossa because of its relatively large, elongately oval

shell ornamented by conspicuous concentric lines, poorly

defined dorsal pseudointerarea, weak dorsal septum and

coarsely pitted inner surface. However, in absence of ventral

valves, generic identification remains doubtful. The type

species, A. porca, is closely comparable in outline and orna-

ment, but it is two times larger than the Precordilleran form. 

Superfamily ACROTRETOIDEA Schuchert, 1893

Family ACROTRETIDAE Schuchert, 1893

BENEDETTO: AN ORDOVICIAN DYSAEROBIC BRACHIOPOD ASSEMBLAGE

83

Figure 3. 1–9, Palaeoglossa minima sp. nov.; 1, exterior of dorsal (?) valve, CEGH-UNC 25794; 2, exterior of ventral valve, CEGH-UNC 25838;
3, exterior of ventral valve, CEGH-UNC 25847; 4, internal mold of ventral valve, CEGH-UNC 25793; 5, internal mold of ventral valve, CEGH-UNC
25833; 6–7, internal mold of ventral valve and detail of pseudointerarea, CEGH-UNC 25848; 8, internal mold of dorsal valve CEGH-UNC 25801;
9, holotype, internal mold of ventral valve, CEGH-UNC 25792. 10–16, Anomaloglossa? sp.; 10, internal mold of dorsal valve, CEGH-UNC 4267;
11–13, dorsal valve, CEGH-UNC 25791, exterior, detail of ornament, and same specimen after dissolution of shell showing internal mold;
14–16, dorsal valve, CEGH-UNC 25950, internal mold, detail of posterior region, and latex cast. Scale bars 1–9= 1 mm; 10–11, 13, 15–16=
5 mm; 12= 2 mm; 14= 3 mm.
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Genus Cyrtonotreta Holmer, 1989

Type species. Conotreta depressa Cooper, 1956; original designation.
Pratt Ferry Formation, USA. Middle Ordovician.

Cyrtonotreta vasculata sp. nov.

Figure 4.1–11

Derivation of name. Referring to the strongly marked man-

tle vascular system.

Diagnosis. Shell transversely oval. Ventral valve propor-

tionally low, nearly catacline; dorsal valve with shallow sul-

cus, straight dorsal pseudointerarea averaging 57% of the

valve width. Small apical process, minute pedicle tube. Dor-

sal visceral area deeply impressed occupying 20–25% of the

valve length; median buttress poorly developed or absent;

median septum bladelike, extending over the 60–70% of

total valve length. Both valves with deeply impressed

pinnate mantle canal system.

Type material. Holotype: CEGH-UNC 25771 (dorsal internal

mold). Paratypes: CEGH-UNC 25773 (ventral internal mold),

CEGH-UNC 25770, 25772 (dorsal internal molds), CEGH-

UNC 25775, 25778 (dorsal exteriors), 25777 (ventral exterior).

Referred material. CEGH-UNC 25804–25806.

Geographic occurrence. Cerro La Chilca, San Juan Province,

western Argentina.

Stratigraphic occurrence. Lower member of the Los Azules

Formation, Middle Ordovician (early middle Darriwilian).

Description. Shell ventribiconvex, broadly oval in outline, up

to 5.7 mm wide. Ventral valve conical, apex acute, slightly

curved over the pseudointerarea; real height cannot be

established because the single measurable specimen is

crushed, but judging by the preserved anterior surface it

appears to be proportionally low (Fig. 4.4–5). Interridge not

observed. Ventral pseudointerarea nearly catacline in lateral

profile, triangular, planar, about 20% as long as wide. Dor-

sal valve oval in outline, gently convex, shallowly sulcate,

averaging 81% as long as wide, with maximum height

around the umbonal area. Dorsal pseudointerarea straight,

averaging 57% of the valve width; pseudointerarea ortho-

cline, about 31% as long as wide; propareas separated by a

deep median groove. Ornament of closely and regularly

spaced growth lines.

Ventral valve interior with small apical process and

minute pedicle tube. Ventral cardinal muscle scars suboval,

large. Mantle canal system pinnate, strongly impressed,

with a pair of subparallel vascula media extending from the

apical process to the valve margin, and a pair of vascula

lateralia branching at valve mid-length. Numerous radial

canals along the periphery probably branched from the main

trunks.

Dorsal valve interior with widely spaced, subcircular to

suboval cardinal muscle scars located on both sides of a

deeply impressed visceral area, occupying 20–25% of the

valve length. Anterocentral muscle scars elongate, suboval,

oriented subparallel to the median septum, smaller than

cardinal. Median buttress poorly developed or absent. Me-

dian septum bladelike, fading anteriorly, extending to 60–

70% of the valve length. Mantle canal system pinnate,

deeply impressed, formed by three to four pairs of radial

trunks branched at about mid-length, the innermost canals

being located adjacent to the median septum.

Remarks. Externally, this new species is similar to Cyrtono-

treta depressa in shell outline, relatively depressed ventral

valve, and sulcate dorsal valve, but the North American

species differs in its definitely apsacline pseudointerarea

(Cooper, 1956: pl. 17; figs. C33, C36), in the larger apical

process, and in the more robust dorsal septum (in adult

specimens). In both species the vascular canals are deeply

impressed, but dorsal valves of C. depressa having well-pre-
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Figure 4. 1–11, Cyrtonotreta vasculata sp. nov.; 1, exterior of dorsal valve, CEGH-UNC 25775; 2–5, ventral valve, CEGH-UNC 25777, exterior
ventral view, oblique lateral view, oblique posterior view, and lateral view; 6–7, holotype, dorsal valve, CEGH-UNC 25771, internal mold and
latex cast; 8, interior of ventral valve, CEGH-UNC 25773; 9–10, interior of dorsal valve and latex cast, CEGH-UNC 25772; 11, dorsal valve,
CEGH-UNC 25769, internal mold and latex cast; 12–24, Cyrtonotreta? sp.; 12–14, ventral valve, CEGH-UNC 25917, external mold, latex cast
and lateral view; 15, internal mold of ventral valve, CEGH-UNC 25909; 16, internal mold of ventral valve, CEGH-UNC 25922; 17, ventral valve,
CEGH-UNC 25916, oblique lateral view of internal mold; 18, internal mold of ventral valve, CEGH-UNC 25923; 19–20, internal mold and latex
cast of dorsal valve, CEGH-UNC 25915; 21, exterior of compressed dorsal valve, CEGH-UNC 25778; 22, internal mold of dorsal valve, CEGH-
UNC 25908; 23–24, internal mold and latex cast of dorsal valve, CEGH-UNC 25783. Scale bars= 1 mm.
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served mantle canals are too incomplete for further com-

parison. Cyrtonotreta vestrogothica Holmer, 1989, from the

latest Darriwilian of Sweden, differs mainly in its highly

conical ventral valve, procline ventral pseudointerarea,

flattened non-sulcate dorsal valve, robust apical process,

well-developed median buttress, and shorter dorsal septum.

The same differences are valid for the closely related species

Cyrtonotreta? striata Holmer, 1989, from nearly coeval strata

of Sweden. The species Cyrtonotreta osekensis Mergl, 2002,

from the Darriwilian of the Czech Republic, resembles the

new Precordilleran species in its catacline pseudointerarea,

but the Bohemian species can be distinguished by having a

higher, widely conical ventral valve, less defined visceral

area of dorsal valve, and weakly impressed muscle scars

and vascular system.

Cyrtonotreta? sp.

Figure 4.12–24

Material. Four ventral valves and eigth dorsal valves CEGH-

UNC 25778–25789, 25908–25926.

Geographic occurrence. Cerro La Chilca, San Juan Province,

western Argentina.

Stratigraphic occurrence. Lower member of the Los Azules

Formation, Middle Ordovician (early middle Darriwilian).

Description. Shell ventribiconvex, subcircular in outline, up

to 1.7 mm wide. Ventral valve conical, about 50% as high as

wide, with maximum height at the umbo; posterior valve

surface flattened. Protegulum distinct, subcircular. Ventral

pseudointerarea poorly delineated, moderately to strongly

procline, planar, with conspicuous wide interridge. Dorsal

valve subcircular (average length/width ratio 0.96), al-

most flat, with protegulum protruding the valve margin.

Dorsal pseudointerarea narrow, orthocline, with deep

spoon-shaped median groove separating small propareas.

Ornament of closely spaced fila and sporadical prominent

growth lines.

Ventral valve interior with strong apical process occu-

pying about 20% of the valve height, prolonged in a short

thickened subtriangular ridge anterior to the foramen.

Mantle canal system pinnate, faintly impressed, with a pair

of subparallel vascula lateralia.

Dorsal interior with low, bladelike median septum origi-

nating as a triangular thickened plate, extending to about

85–90% of the total valve length. Cardinal muscle scars sub-

circular, weakly impressed, located on a slightly thickened

platform. Small, faintly impresssed visceral area. Mantle

canal system pinnate, consisting of two or three pairs of

narrow radial trunks.

Remarks. Although this species is very abundant in the

bedding planes of the marl partings, most specimens are

compressed and no isolated valves were available for

study. Externally, this form can be readily separated from

Cyrtonotreta vasculata sp. nov. because of its smaller size,

subcircular shell outline, and procline pseudointerarea. The

moderately low ventral valve with well-developed inter-

ridge, the flat subcircular dorsal valve with protruding pro-

tegulum, and the deep median groove separating small

propareas are all features reminiscent of Hisingerella

Henningsmoen, 1948 (Holmer, 1986, 1989). Internally, how-

ever, the strong apical process continuous with a short

ridge on the anterior slope, together with the distinctly im-

pressed pinnate mantle canals in both valves are distinctive

of Cyrtonotreta, to which these specimens are questionably

assigned. Morphological differences between Cyrtonotreta?

sp. and Cyrtonotreta vasculata sp. nov. can be interpreted in

three ways: (1) specimens of Cyrtonotreta? sp. correspond

to juvenile (late juvenile?) stages of C. vasculata sp. nov. This

is supported by their consistently smaller size, subcircular

outline (allometric growth allows adult shells to be more

transverse), and weaker impressions of both visceral area

and vascular trunks. The main objection to this hypothesis

is that no obvious intermediate morphologies completing

the ontogenetic series have been found. Moreover, Cyrto-

notreta? sp. becomes dominant in the upper part of the

sampled section while C. vasculata is confined to the lower

third, suggesting that populations of both forms were spa-

tially and/or temporally segregated; (2) Cyrtonotreta? sp. is

an environmentally induced phenotypic variant (ecopheno-

type) of C. vasculata sp. nov., its smaller size and associated

morphological differences being adaptive features to cope

with unfavorable environmental conditions. This inter-

pretation is consistent with the inference that sediments

yielding Cyrtonotreta? sp. were deposited under less oxy-

genated conditions than those bearing Cyrtonotreta vascu-

lata (see discussion above); (3) the two forms are true

species originated by heterochrony across an environmen-

tal gradient. Therefore, Cyrtonotreta? sp. is a paedomorphic



descendant from C. vasculata sp. nov. capable of colonizing

lower-oxygen bottom waters. This interpretation accounts

for the retention of many juvenile characteristics in Cyrto-

notreta? sp. It should be noted, however, that alternatives

(2) and (3) are not antagonistic because changes occurring

during ontogeny are essential to produce different pheno-

types in heterogeneous environments, and such intrinsic

phenotypic variation within a species is the main target for

natural selection and hence the speciation process. Further

study is needed to solve the question of whether Cyrtono-

treta? sp. is merely an ecologic variant of C. vasculata sp. nov.

or it constitutes a separate species (or perhaps a first step

towards speciation).

Subphylum CRANIFORMEA Popov, Bassett, Holmer and

Laurie, 1993

Class CRANIATA Williams, Carlson, Brunton, Holmer and

Popov, 1996

Order CRANIIDA Waagen, 1885

Superfamily CRANIOIDEA Menke, 1828

Family CRANIIDAE Menke, 1828

Genus Philhedra Koken, 1889

Type species. Philhedra baltica Koken, 1889; original designation. Viru
Series, Krukuse Stage, Estonia. Upper Ordovician (lower Sandbian).

Philhedra pauciradiata sp. nov.

Figure 5.1–6

Derivation of name. Referring to the poorly defined radial

rows of spines.

Diagnosis. Depressed conical, subrectangular dorsal valve

with excentric apex, ornamented by 10–12 strong growth

lamellae bearing on their tops hollow spines either forming

poorly defined radial rows or being irregularly distributed.

Type material. Holotype: CEGH-UNC 25768 (internal and ex-

ternal molds of a single dorsal valve).

Geographic occurrence. Cerro La Chilca, San Juan Province,

western Argentina.

Stratigraphic occurrence. Lower member of the Los Azules

Formation, Middle Ordovician (early middle Darriwilian).

Description. Shell roundly subrectangular, small (2.2 mm

wide, 2.8 mm long). Dorsal valve depressed conical, 80%

as long as wide, with eccentric apex located slightly poste-

riorly, about 40% of the valve length; anterior slope gently

convex in lateral profile, posterior slope planar to gently

concave, steeper than the anterior one. Ornament of 10–12

strong concentric growth lamellae bearing on their tops tu-

bular hollow spines more or less perpendicular to the shell

surface. Scattered spines in the juvenile region of the shell,

more crowded on the anterior and lateral adult regions;

spines of successive rows not aligned, but some of them

may coincide forming rough lineation. Inner surface with

concentric undulations. Valve margin thickened. A pair of

shallow subcircular muscle scars (posterior adductors?)

located posterolaterally to the apex. Ventral valve unknown.

Remarks. The record of Early to Mid Ordovician craniiform

brachiopods from peri-Gondwanan terranes is very limited

(Popov et al., 2013) and this is the first report from the

Precordillera terrane. The single specimen recovered from

the Los Azules Formation consists of internal and external

molds of a calcareous dorsal valve on which ornament of

tubular hollow spines is well preserved. Among craniids,

hollow spines are a diagnostic feature of the Paleozoic

genera Acanthocrania Williams, 1943, Celidocrania Liu, Zhu

and Xue, 1985, and Philhedra, though some kind of pustules

or minute spines are present in some Mesozoic and Ceno-

zoic genera. Acanthocrania is closely related to Celidocrania,

differing only in the length of the dorsal myophragm. Al-

though the two genera were put in synonymy by Bassett

(2000), the Chinese Celidocrania is currently considered a valid

taxon (Bassett, 2007). The Precordilleran species differs

from both genera by lacking papillae and by having promi-

nent concentric lamellae; moreover, in these genera the dor-

sal apex is more eccentric and the posterior face of the dorsal

valve is steeply inclined. This new species is attributed to

the Estonian genus Philhedra on the basis of its concentric

ornament, the lack of papillae, and well-developed tubular

hollow spines. Although ornament is comparable to that of

Philhedra baltica, spines in the Precordilleran species tend

to be more irregularly distributed forming radial rows only

on limited shell sectors. Philhedra pauciradiata sp. nov. also

differs from the Estonian species by having stronger and

more separated growth lamellae. The presence of the genus

Philhedra in the Precordillera terrane is not surprising be-

cause of the mixed Baltic-Celtic biogeographic signature of

its Dapingian/Darriwilian brachiopod faunas (Herrera and

Benedetto, 1991; Benedetto et al., 2009).
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Order ORTHIDA Schuchert and Cooper, 1932

Suborder ORTHIDINA Schuchert and Cooper, 1932

Superfamily ORTHOIDEA Woodward, 1852

Family ORTHIDAE Woodward, 1852

Genus Sivorthis Jaanusson and Bassett, 1993

Type species. Sivorthis filistera Jaanusson and Bassett; original des-
ignation. Dalby Limestone, Sweden. Lower Sandbian.

Sivorthis precordillerana sp. nov.

Figure 5.14–23, 6.1–3

1989 Paralenorthis sp. Herrera and Benedetto, p. 15, pl. 2, figs. 1–6

Derivation of name. From the Precordillera folded belt of

western Argentina.

Diagnosis. Shell transversely semielliptical (ventral valve

average length/width ratio 0.76), widest at hinge with or-

thogonal to slightly acute cardinal extremities. Ornament

costellate (38–45 rounded ribs in mature shells). Ventral

muscle field proportionally wide and short raised anteriorly.

Vascula media initially adjacent then curved anterolaterally.

Type material. Holotype: CEGH-UNC 25808a (dorsal inter-

nal mold). Paratypes: CEGH-UNC 25820a–b (internal and

external molds of ventral valve); CEGH-UNC 25817, 25824

(ventral external molds); CEGH-UNC 25821a, 25822 (dorsal

external molds); 25810, 25825, 25829 (ventral internal

molds); CEGH-UNC 25819, 25823 (dorsal internal molds).

Referred material. CEGH-UNC 25807, 25809, 25811,

25812–25816, 25818, 25820.

Geographic occurrence. Cerro La Chilca and Cerro Viejo, San

Juan Province, western Argentina. 

Stratigraphic occurrence. Upper part of the San Juan Forma-

tion (lower Darriwilian) and lower member of the Los Azules

Formation (early middle Darriwilian).

Description. Shell medium sized (maximum width 28 mm),

moderately ventribiconvex, outline transversely semiellip-

tical; anterolateral margins uniformly rounded, posterior

margin straight; maximum width at the hinge. Cardinal ex-

tremities varying from rectangular to slightly acute. Ventral

valve evenly and moderately convex in lateral view; aver-

age length/width ratio 0.76. Dorsal valve gently convex

(average length/width ratio 0.70) with well-defined sulcus

shallowing towards the anterior margin. Ventral umbo

suberect, gently curved over the hinge; dorsal umbo incon-

spicuous. Ventral interarea plane, transversely striate, ap-

sacline, about 7% as high as the valve length; delthyrium

entirely open, broad, delthyrial angle 85–90°, small pedicle

callist. Dorsal interarea plane, anacline, narrower than the

ventral one. Notothyrium open, subtriangular, notothyrial

angle about 90°. Ornament costellate, with 38–45 rounded

ribs along commissure in mature shells, separated by in-

terespaces of about equal width as costellae. One genera-

tion of intercalation at about one third of the valve length

and few intercalations on the anterior third; branching

occurs sporadically, mainly in the dorsal valve. Densely

spaced distinct lamellose growth fila on the entire shell sur-

face, but particularly visible on the posterolateral areas of

both valves.

Ventral valve interior with blunt subtriangular teeth

semicircular in dorsal view, supported by short, erect dental

plates. Delthyrial chamber broad and deep. Muscle field

variably developed, raised anteriorly, proportionally short

and wide, extending for the 20–25% of the valve length,

bounded posterolaterally by low ridges; diductor scars

subrectangular, as long as or slightly shorter than the me-

dian adductor field. Vascula media arising immediately

anterior to diductor scars, initially adjacent then curving an-

terolaterally for a short distance; proximal portions of vas-

cula media separated by a low rounded ridge; other features

of vascular system not preserved.
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Figure 5. 1–6, Philhedra pauciradiata sp. nov., dorsal valve, holotype, CEGH-UNC 25768; 1–2, internal mold and latex cast; 3, detail of internal
mold showing muscle scars; 4, external mold of the same specimen; 5, latex cast; 6, detail of ornament. 7–13, Protohesperonomia? sp.; 7,
dorsal valve, CEGH-UNC 25826, latex cast of exterior of incomplete specimen; 8, dorsal valve, CEGH-UNC 25823, latex cast of exterior of in-
complete specimen; 9–10, dorsal valve, CEGH-UNC 25827, internal mold and latex cast; 11, internal mold of dorsal valve, CEGH-UNC 25822;
12–13, internal mold and latex cast of dorsal valve, CEGH-UNC 25824. 14–23, Sivorthis precordillerana sp. nov.; 14, internal mold of ventral
valve, CEGH-UNC 25809; 15, latex cast of ventral exterior, CEGH-UNC 25824; 16–17, external mold and latex cast of dorsal valve, CEGH-UNC
25821a; 18, dorsal valve, CEGH-UNC 25822, latex cast of exterior and detail of ornament; 19, detail of ornament of specimen illustrated in
figure 5.17; 20, internal mold of ventral valve, CEGH-UNC 25810; 21–22, ventral internal mold and latex cast, CEGH-UNC 25820; 23, internal
mold of ventral valve, CEGH-UNC 25825. Scale bars 1–6= 1 mm; 7–13, 19= 3 mm; 14–18, 20–23= 5 mm.



Dorsal valve with low subtriangular notothyrial platform

merging anteriorly with a broad, rounded median ridge, ta-

pering to valve mid-length in adult specimens; in juveniles

the median ridge reaches almost to the anterior margin

surmounting the flexure of the external sulcus. Cardinal

process slender, ridgelike, slightly swollen anteriorly. Bra-

chiophores thick, suberect, bearing a deep groove or de-

pression on their anterodorsal faces, supported by short,

thick bases diverging at about 80°. Dental sockets deep,

small and transversely oval. Muscle field and vascular sys-

tem not impressed.

Remarks. The genus Sivorthis was erected by Jaanusson

and Bassett (1993) to include a group of species from the

Whiterock Series of North America formerly referred to as

Orthambonites Pander, 1830, by Cooper (1956), the desig-

nated type species being from the lower Sandbian (Nema-

graptus gracilis Zone) Dalby Limestone of Sweden. The Pre-

cordilleran material is assigned to Sivorthis on the basis of its

costellate ornament, distinct lamellose concentric growth

fila, proportionally small ventral muscle field, proximal por-

tions of vascula media initially adjacent, and slender cardinal

process. Paralenorthis differs from Sivorthis in its simple and

coarse ribs, capillate radial micro-ornament, and widely di-

vergent vascula media. The new species S. precordillerana

differs from the type species S. filistera in its more trans-

verse profile (the average length/ width ratio in S. filistera is

0.91), lower interareas, and shorter and wider ventral mus-

cle field. Among the numerous North American species, S.

precordillerana sp. nov. resembles Sivorthis tenuicostata

(Cooper, 1956), from the Sandbian of Alabama, in shell pro-

portions, ornament, and overall morphology of ventral mus-

cle field and cardinalia, but the latter can be distinguished

by its longer and steeper apsacline ventral interarea and its

nearly obtuse cardinal extremities. Sivorthis friendvillensis

(Cooper, 1956) is similar to S. tenuicostata; it differs from S.

precordillerana sp. nov. by its nearly equidimensional shell

proportions and rounded outline. From Sivorthis eucharis

(Ulrich and Cooper, 1936), from the Whiterockian Pogonip

Group, the Precordilleran species differs by having lower

ventral interarea and shorter ventral muscle field. Other de-

tails are not discernible in the North American species.

Herrera and Benedetto (1989) tentatively referred to

Paralenorthis a single silicified conjoined specimen from the

uppermost levels of the San Juan Formation exposed at

Cerro Viejo. It is reassigned here to S. precordillerana sp.

nov. on the basis of its similar shell proportions and strong

concentric growth fila. Rib density is also comparable, but

intercalations in the San Juan Formation specimen are con-

fined to the posterolateral areas of both valves. It is note-

worthy that Paralenorthis vulgaris, which is very abundant in

the underlying San Juan Limestone, sporadically displays

concentric striae and in some specimens the proximal por-

tions of vascula media run parallel a short distance imme-

diately in front of diductor scars. Therefore, it seems likely

that Sivorthis precordillerana sp. nov., which represents the

earliest known record of the genus, may have originated

from P. vulgaris in response to a new set of environmental

factors generated during the progressive deepening of the

basin.

Family HESPERONOMIIDAE Ulrich and Cooper, 1936

Genus Protohesperonomia Williams and Curry, 1985

Type species. Protohesperonomia resupinata Williams and Curry,
1985; original designation. Tourmakeady Limestone, Ireland. Lower
Darriwilian (upper Arenig Series).

Protohesperonomia? sp.

Figure 5.7–13

Material. CEGH-UNC 25823, 25825, 25826 (external molds

of dorsal valve), CEGH-UNC 25821, 24822, 25824–25827

(internal molds of dorsal valve).

Geographic occurrence. Cerro La Chilca, San Juan Province,

western Argentina.

Stratigraphic occurrence. Lower member of the Los Azules

Formation, Middle Ordovician (early middle Darriwilian).

Description. Shell small (maximum width in available speci-

mens 12 mm), transversely semielliptical (average length/

width ratio 0.66); cardinal extremities roundly rectangular,

maximum width slightly anterior to hinge line. Dorsal valve

gently concave becoming gently convex in later growth

stages, with a broad median sulcus deeper on the posterior

half of the valve, shallowing anteriorly. Ornament unequally

parvicostellate with eight to 10 more accentuated rounded

primary costellae and two generations of costellae interca-

lated at about one-half and two-thirds of valve length. Con-

centric growth lamellae present in some larger specimens.
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Dorsal interior with short subtriangular, slightly concave

notothyrial platform bearing a ridgelike cardinal process,

slightly thickened anteriorly. Brachiophores short, blunt, di-

verging anteriorly at 90–100°, flanking narrow sockets and

supported by strongly converging bases bounding the no-

tothyrial platform and by oblique ridges at right angle to

brachiophore bases. Dorsal muscle field quadripartite,

weakly impressed, with posterior adductor scars trans-

versely oval and smaller, subcircular anterior adductor

scars; short faint ridge dividing the anterior part of muscle

field in largest specimens.

Remarks. The dorsal valve of this hesperonomiid resembles

the monotypic genus Protohesperonomia, from the Lower

Ordovician of Ireland, in its resupinate longitudinal profile,

small size, and definitely parvicostellate ornament. Al-

though the Irish material differs in its long and flattened

brachiophores, this feature can be attributed to preser-

vation since the Irish specimens are silicified. However, in

absence of ventral valves, which in Protohesperonomia are

characterized by a strongly bilobed ventral muscle field,

generic assignment can only be provisional. Another form

closely comparable to our material is Hesperonomia sp. from

the Lower Ordovician Mytton Flags of England, which is

known from a single dorsal valve. The English species re-

sembles the Los Azules specimens in its parvicostellate or-

nament, small size, and overall cardinalia morphology, but it

lacks resupination.

Superfamily PLECTOTHOIDEA Schuchert and LeVene, 1929

Family CHILCORTHIDAE nov.

Type genus. Chilcorthis Benedetto (this paper).

Diagnosis. Small transverse plectorthoids with coarse

costellate radial ornament often crossed by strong growth

lamellae. Bilobed ventral muscle field impressed on a pseu-

dospondylium or muscle platform. Brachiophore bases

slightly inclined medially to form a flattened or slightly con-

cave septalium merged laterally with fulcral plates forming

a platelike structure projected ventrally following the same

plane of the interarea. Cardinal process absent or repre-

sented by a faint ridge. Dorsal median septum proximally

supporting the septalium. Dorsal muscle field radially

arranged with smaller posterior adductor scars and elon-

gate anterior adductor scars.

Species assigned. Chilcorthis huarpe gen. et sp. nov. (Los

Azules Formation, lower Darriwilian, this paper); Chilcor-

thidae gen. et sp. indet. (Ponon Trehue Formation, upper

Darriwilian, this paper); Phragmorthis mucronata Williams

and Curry, 1985 (Tourmakeady Limestone, Dapingian, Ire-

land).

Remarks. The overall features of Chilcorthis gen. nov., par-

ticularly the presence of fulcral plates and brachiophore

bases converging to form a septalium, together with a well-

defined pseudospondylium, indicate that affinities of the

new family Chilcorthidae lie with the Plectorthoidea. Al-

though members of the superfamily Skenidioidea (order

Protorthida) possess a septalium and fulcral plates, they

readily differ in having a true spondylium and, in addition, a

subpyramidal ventral valve. Other features of Chilcorthis

gen. nov. such as its small size, sulcate dorsal valve, and

marginally free pseudospondylium may represent synapo-

morphies inherited from a common ancestor, or adaptive

features allowing colonization of relatively deep waters

(skenidiids are a common component of the Foliomena

Fauna). Assignment of Chilcorthis gen. nov. to any established

family within the plectorthoids is problematical due to the

combination of its peculiar cardinalia and unusual ventral

internal features. The septalium is a recurrent structure in

the Plectorthoidea. It is a diagnostic feature of phragmor-

thids and euorthisinids, but also may be present in some

plectorthids (e.g., Paterorthis Havlíček, 1971), giraldiellids

(e.g., Famatinorthis Levy and Nullo, 1973), platystrophiids,

and nanorthids (juvenile stages of basal species of Kvania,

Benedetto, 2007b). However, the septalium of Chilcorthis

gen. nov. differs from that present in all these plectorthoid

families in that the brachiophore supporting plates converge

medially at a low angle or are almost subhorizontal, and that

they merge laterally with free elevated fulcral plates to form

a platelike structure projected ventrally, approximately in

the same plane of the interarea. The monotypic family

Phragmorthidae (Phragmorthis Cooper, 1956, is the sole

genus attributed to this family) shares with the Chilcor-

thidae its long dorsal muscle field adjacent to the sides of

dorsal septum, and its sessile ventral muscle platform, but

it can be distinguished by its skenidiid-type septalium and

its prominent, anteriorly strongly raised median septum.

Williams and Curry (1985) referred some silicified speci-

mens from the Irish Tourmakeady Formation (Arenigian) to
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their new species Phragmorthis mucronata. Although these

authors noted its general resemblance with skenidiids (e.g.,

presence of septalium, broadly triangular curved ventral in-

terarea) they referred the Irish species to the phragmorthids

mainly because of its sessile ventral muscle platform. The

cardinalia pattern of Phragmorthis buttsi Cooper, 1956, how-

ever, clearly differs from that of P. mucronata by having a

deep V-shaped septalium; instead, the brachiophore bases

in P. mucronata converge at a low angle to form a transverse

platelike structure closely comparable to that of Chilcorthi-

dae (cf. Williams and Curry, 1985: figs. 124, 126; illustrated

herein in Fig. 7.20–22). Moreover, P. mucronata shares with

chilcorthids its minute size (largest specimen are 4.6 mm

wide), rounded dorsal septum, undifferentiated cardinal

process, and elogately oval anterior adductor scars. On this

basis, P. mucronata is assigned here to the new family

Chilcorthidae.

Chilcorthidae has in common with the family Platys-

trophiidae the trasversely subquadrate shell outline,

coarsely costellate and often lamellose ornament, conver-

gent brachiophore bases, well-developed fulcral plates,

low simple cardinal process, and ventral muscle field im-

pressed on a thickened callist or, in some species (e.g.,

Ffynnonia spondyliformis Benedetto, 2001) on a prominent

pseudospodylium. Despite these similarities, Chilcorthidae

can be distinguished from Platystrophiidae by possessing

a distinctive platelike septalium coalesced with elevated

fulcral plates, the very different pattern of dorsal muscle

scars and, additionally, by its non dorsibiconvex shell pro-

file. The family Finkelnburgiidae shares with Chilcorthidae

the ventral muscle field impressed on a well-developed

pseudospondylium, cardinal process absent or vestigial, and

a dorsal muscle field in which the anterior adductor scars

are inserted between the dorsal ridge and the posterior

adductors. However, finkelnburgiids differ by lacking a true

septalium; instead, brachiophore bases converge medially

to form a sessile notothyrial platform. In addition, the pseu-

dospondylium in typical finkelnburgiids as Finkelnburgia

Walcott, 1905, and Diparelasma Ulrich and Cooper, 1936, is

supported medially by a ridge (absent in chilcorthids). It is

absent in Notoscaphidia Williams and Curry, 1985, and for

this reason its ventral valve is quite similar to that of Chilcor-

this gen. nov. (cf. Williams and Curry, 1985: fig. 122). In the

finkelnburgiids, moreover, the shell profile is biconvex and

often the ventral interarea is considerably higher.

Genus Chilcorthis nov.

Derivation of name. From the Cerro La Chilca.

Diagnosis. Minute, gently concavoconvex shell; ventral

valve with rounded median fold, low interarea and open

delthyrium; dorsal valve gently concave to almost planar,

sulcate, with well-defined protegulal node. Radial ornament

ramicostellate in the ventral valve and parvicostellate in

the dorsal valve; concentric ornament of imbricate lamellae

on both valves. Ventral interior with transversely elon-

gated teeth supported by short dental plates. Muscle field

short, wider than long, bilobed, impressed on concave pseu-

dospondylium anteriorly free in juvenile individuals; adduc-

tor often considerably longer than the median adductor

tract, which is impressed on a median flexure of pseu-

dospondylium. Dorsal interior with brachiophore bases

united medially to form a flattened to gently concave sep-

talium, merging laterally with fulcral plates to form a plate-

like structure projected ventrally following the same plane

of interarea; median ridge absent or weakly developed in

juvenile individuals, variably developed, supporting the sep-

talium in mature specimens. Cardinal process absent or re-

duced to a faint ridge. Dorsal muscle field large, consisting

of smaller posterior adductor scars and elongately oval an-

Figure 6. 1–3, Sivorthis precordillerana sp. nov.; 1–2, holotype, dorsal valve, CEGH-UNC 25808a, internal mold of and latex cast; 3, internal mold
of dorsal valve, CEGH-UNC 25823. 4–5, Finkelnburgiidae gen. et sp. indet., CEGH-UNC 25853, internal mold of dorsal valve and latex cast show-
ing cardinalia and muscle scars. 6–7, Syntrophia? sp., CEGH-UNC 25836, latex cast of dorsal exterior and internal mold of the same individual.
8, Polytoechiidae gen. et sp. indet., internal mold of ventral valve, CEGH-UNC 25835. 9–24, Chilcorthis huarpe gen. et sp. nov.; 9–11, ventral valve,
CEGH-UNC 25892, latex cast of exterior, internal mold, and latex cast of interior; 12, internal mold of juvenile ventral valve, CEGH-UNC 25854b;
13–15, ventral valve, CEGH-UNC 25881, latex cast of exterior, internal mold and latex cast of interior showing muscle scars; 16–17, ventral valve,
CEGH-UNC 25893, internal mold and latex cast of interior showing muscle scars; 18–19, ventral valve, CEGH-UNC 25866, internal mold and latex
cast of interior showing muscle scars; 20–21, ventral valve, CEGH-UNC 25865a, latex cast, posterior and ventral view; 22, detail of ventral inter-
nal mold, CEGH-UNC 25863; 23–24, juvenile ventral valve, CEGH-UNC 25857, internal mold and latex cast. Scale bars 1–3= 5 mm; 4–7, 9–21,
23–24= 1 mm; 8= 2 mm; 22= 0.5 mm.
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terior adductor scars inserted between the median ridge

and the posterior scars.

Type species. Chilcorthis huarpe sp. nov.

Chilcorthis huarpe sp. nov.

Figure 6.9–24, 7.1–19

Derivation of name. From Huarpes, name of a pre-Hispanic

people inhabiting San Juan Province.

Diagnosis. As for the genus by monotypy.

Type material. Holotype: CEGH-UNC 25895 (internal mold of

dorsal valve). Paratypes: CEGH-UNC25888 (internal and ex-

ternal molds of dorsal valve); CEGH-UNC 25858, 25859,

25862 (dorsal internal molds); CEGH-UNC 25865, 25881,

25892b (external and internal molds of ventral valve); CEGH-

UNC 25854, 25857, 25863, 25866 (ventral internal molds).

Referred material. CEGH-UNC 25855, 25856, 25860, 25861,

25864, 25867–25880, 25882–25887, 25889–25891,

25893, 25894, 25895–25900.

Geographic occurrence. Cerro La Chilca, San Juan Province,

western Argentina.

Stratigraphic occurrence. Lower member of the Los Azules

Formation, Middle Ordovician (early middle Darriwilian).

Description. Shell small (largest specimens 4.6 mm wide;

average width 4.15 mm), gently concavoconvex to plano-

convex, transversely subrectangular, the juveniles being

more transverse than adults (average length/width ratio

0.51 and 0.58, respectively), maximum width at the long

straight hinge line; cardinal extremities slightly acute in

juveniles, rectangular in adults. Ventral valve gently to

moderately convex with a broad rounded median fold and

flattened lateral and posterolateral areas; maximum con-

vexity over anterior third of the fold. Ventral umbo low,

rounded, beak erect. Ventral interarea proportionally low,

apsacline with wide open delthyrium subtending angle of

about 80°. Dorsal valve gently concave to almost planar,

with a median sulcus becoming wider and shallower to-

wards the anterior margin. Dorsal protegulal node generally

well-delimited, convex, relatively large, extending 9–12% of

valve length. Dorsal interarea lower than ventral, strongly

anacline to nearly catacline. Ornament of ventral valve

mainly ramicostellate, consisting of coarse subangular ribs

commonly with two, rarely three generations of branching

forming well-defined bundles in some individuals; narrow

ribs intercalated sporadically near the anterior third of valve.

Interspaces deep, sub-angular, considerably narrower than

costellae. Ornamentation pattern of dorsal valve opposed

to that of ventral valve, consisting of narrow costellae

arising almost exclusively by intercalation, rarely by bifur-

cation, separated by interspaces of equal width or slightly

wider than ribs. Concentric imbricate lamellae over the en-

tire surface of both valves, with three to four more promi-

nent, irregularly spaced lamellae on the anterior half of both

valves.

Ventral interior with transversely elongated laminar

teeth supported posteriorly by short dental plates con-

verging towards valve floor to form the concave lateral mar-

gins of the pseudospondylium. In early and intermediate

growth stages, entire margin of pseudospondylium free

but sessile posteriorly; in largest individuals pseudospon-

dylium delimited by a ridge. Muscle field short, commonly

bilobed, widest at the base of dental plates, transversely

oval in juveniles (averaging 33% as long as wide), becoming

subquadrate and deeply impressed in adults (averaging

59% as long as wide); in mature individuals muscle field ex-

tending anteriorly 18–22% of valve length; adductor scars

subrectangular to subtriangular in outline with rounded an-

terior margins, often considerably longer than the subrec-

Figure 7. 1–19, Chilcorthis huarpe gen. et sp. nov.; 1–3, dorsal valve, CEGH-UNC 25888, latex cast of exterior, internal mold, and latex cast of in-
terior; 4–7, holotype, dorsal valve, CEGH-UNC 25895, latex cast of exterior, internal mold, latex cast of interior, and detail of cardinalium; 8–10,
dorsal valve CEGH-UNC 25864, internal mold, latex cast of interior, and detail of internal mold; 11–12, dorsal valve, CEGH-UNC 25856, external
mold and latex cast; 13–14, dorsal valve, CEGH-UNC 25859, interal mold and latex cast; 15–16, dorsal valve, CEGH-UNC 25865b, interal mold
and latex cast; 17, dorsal valve, CEGH-UNC 25855, latex cast of exterior; 18–19, dorsal valve, CEGH-UNC 25858, interal mold and latex cast, an-
terior oblique view showing septum. 20–22, Phragmorthis mucronata; 20, detail of cardinalium, BB 96603; 21, dorsal valve, holotype, BB 95467;
22, ventral valve, BB 95458; (reproduced from Williams and Curry, 1985; p. 257; figs. 124, 126 and 127, respectively). 23–29, Chilcorthidae
gen. et sp. indet.; 23–24, fragmentary ventral valve, CEGH-UNC 25901, posterior and anteroventral view; 25–26, fragmentary ventral valve,
CEGH-UNC 25902, posterodorsal and ventral oblique view; 27–28, fragmentary dorsal valve, CEGH-UNC 25906, dorsal and anterodorsal view;
29, fragmentary dorsal valve, CEGH-UNC 25905, posterodorsal view. Scale bars= 1 mm.
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tangular adductor tract, which is impressed on a median

flexure of pseudospondylium. Short pedicle callist in some

small specimens. Mantle canals not impressed.

Dorsal interior with rodlike brachiophores supported by

slightly converging bases united medially to form a flat-

tened to gently concave septalium, which is laterally con-

tinuous with free, elevated fulcral plates joined to the hinge

line following the same plane of the interarea; sockets

deeply excavated on elevated fulcral plates, semiconical,

open anteriorly. Septalium supported anteriorly by a vari-

ably developed median ridge, commonly absent or weakly

developed in juveniles, becoming broad and rounded in ma-

ture specimens. Cardinal process absent or represented by

a faint ridge extending the full length of the septalium. Dor-

sal muscle field large occupying about 65% of the valve

length, consisting of a pair of subtriangular or trapezoidal

posterior adductor scars and a pair of elongately oval ante-

rior adductor scars inserted between the median ridge

and the inner side of posterior scars; anterior and posterior

muscle scars separated by a faint oblique ridge. Mantle

canals not impressed. Inner surface of valve with one or

more variably developed concentric rims bearing small

papillae on their tops reflecting external growth lamellae.

Remarks. ‘Phragmorthis’ mucronata (Williams and Curry,

1985), referred herein to the family Chilcorthidae, differs

from C. huarpe sp. nov. in its ventribiconvex shell, mucronate

cardinal extremities, coarser ornament with costellae

arising by branching in both valves, and shorter and non

bilobed ventral muscle field (Fig. 7.20–22). It thus seems

likely that the Irish species belongs to a genus different

from Chilcorthis.

Chilcorthidae gen. et sp. indet.

Figure 7.23–29

Material. Four fragmentary ventral valves, CEGH-UNC

25901–25904 and three fragmentary dorsal valves, CEGH-

UNC 25905–25907.

Geographic occurrence. Sierra Pintada, Mendoza Province,

western Argentina.

Stratigraphic occurrence. Ponon Trehue Formation, upper

Darriwilian, Pygodus serra Zone.

Description. Shell small, maximum width (inferred) about

5–6 mm, ventribiconvex. Ornament costellate. Ventral umbo

low, erect, slightly incurved over the interarea; ventral in-

terarea moderately high, flat, strongly apsacline to cata-

cline; wide open triangular delthyrium subtending angle of

about 65°–70°. Dorsal interarea low.

Ventral interior with large, flattened, subtriangular or

semielliptical teeth supported by well-defined short dental

plates converging medially to form a spoon-shaped pseu-

dospondylium. Dorsal interior with short blunt brachio-

phores (probably broken distally) supported by thickened

bases slightly converging medially to form a gently concave,

wide septalium supported anteriorly by a median ridge.

Cardinal process constituted by a low rounded ridge occu-

pying the entire length of the septalium. Septalium merging

laterally with entirely free fulcral plates to form a concave

platelike structure projected in the same plane of the inter-

area. Sockets deep, elongate, open anteriorly. Septalium

supported anteriorly by a high, rounded median ridge.

Remarks. The studied specimens come from the Ponon Tre-

hue Formation, southern Mendoza (Quebrada La Tortuga,

level 11; Pygodus serra Zone, late Darriwilian, Dw3; Heredia,

2002). Despite the fragmentary nature of the Ponon Trehue

material, internal structures of both valves are preserved in

detail because of silicification. Contrarily, shell outline re-

mains unknown (there are no complete valves) and orna-

mentation is poorly preserved in a single ventral valve

fragment. Therefore, accurate comparison with other

members of the family Chilcorthidae is impossible. The

cardinalia of the Ponon Trehue specimens and the Irish

‘Phragmorthis’ mucronata are very similar, except that bra-

chiophores in the latter are rodlike, whereas in the present

material they are short and blunt. The general resemblance

of cardinalia in both taxa, however, can be enhanced by their

similar preservation (both are preserved as silicifications).

The main difference lies in the pseudospondylium, which

in the Ponon Trehue form is larger, broadly concave, and

marginally free, but the material is otherwise too poorly

preserved for further comparison.

Family FINKELNBURGIIDAE Schuchert and Cooper, 1931

Finkelnburgiidae? gen. et sp. indet.

Figure 6.4–5

Material. An internal mold of dorsal valve CEGH-UNC 25853.

AMEGHINIANA - 2015 - Volume 52 (1): 69 – 106 

96



Geographic occurrence. Cerro La Chilca, San Juan Province,

western Argentina.

Stratigraphic occurrence. Lower member of the Los Azules

Formation, Middle Ordovician (early middle Darriwilian).

Description. Shell minute, 2.2 mm wide, nearly circular in

outline. Hinge line short, about 50% of the maximum width,

which is located near the valve mid-length. Cardinal ex-

tremities broadly rounded. Dorsal valve gently convex, the

maximum thickness at the posterior third. Ornamentation

finely costellate. Ventral valve unknown. Interior of dorsal

valve with slender rodlike brachiophores diverging ante-

riorly at c. 65°, supported by thin bases converging medially

to form broadly triangular, concave notothyrial chamber.

Vestigial cardinal process represented by an almost im-

perceptible ridge. Anterior margin of notothyrial platform

merged with a short thin septum running anteriorly for

about one-third of valve length. Deep suboval sockets

supported by thin, well-defined oblique fulcral plates. Mus-

cle field quadripartite, deeply impressed; adductor scars

narrow, elongated anteroposteriorly, located on both sides

of the anterior end of median septum.

Remarks. The presence of fulcral plates and converging

brachiophore bases forming a broadly concave notothyrial

chamber indicate that this small dorsal valve is probably

related to the plectorthoids. Among them, the small size,

the short hinge line, the subcircular outline, and the vir-

tual absence of cardinal process are reminiscent of the

finkelnburgiid Diparelasma Ulrich and Cooper, 1936, but

available material is too scarce and incomplete for familial

and generic assignment.

Class STROPHOMENATA Williams, Carlson, Brunton,

Holmer and Popov, 1996

Order BILLINGSELLIDA Schuchert, 1893

Superfamily POLYTOECHIOIDEA Öpik, 1934

Family POLYTOECHIIDAE Öpik, 1934

Polytoechiidae gen. et sp. indet. 

Figure 6.8

Material. An internal mold of ventral valve CEGH-UNC

25835.

Geographic occurrence. Cerro La Chilca, San Juan Province,

western Argentina.

Stratigraphic occurrence. Lower member of the Los Azules

Formation, Middle Ordovician (early middle Darriwilian).

Description. Shell small (single available specimen 6 mm

wide). Ventral valve gently convex, semielliptical in outline

(length/with ratio 0.75); maximum width slightly anterior to

hinge line. Cardinal extremities obtusely rounded. Interarea

moderately high, planar, apsacline, radially striated. External

ornament unknown.

Interior of ventral valve with small, semielliptical teeth

supported by short receding dental plates slightly con-

verging towards valve floor and forming the lateral margins

of the muscle field. Pseudospondylium proportionally short,

almost as wide as long, supported laterally by anterior pro-

longations of dental plates and medially by a septum. Ven-

tral muscle field with subrectangular raised median adductor

field flanked by deeply impressed diductor scars. Mantle

canal system not impressed. Internal surface marked by al-

ternating accentuated and finer ribs suggesting unequally

parvicostellate external ornament.

Remarks. The paucity of material and the lack of dorsal

valves hinder a generic assignment. The pseudospondylium

supported by prolongations of dental plates and a well-de-

fined median septum indicate that this single specimen is

probably related to Polytoechia.

Order STROPHOMENIDA Öpik, 1934

Superfamily PLECTAMBONITOIDEA Jones, 1928

Family TAFFIDAE Schuchert and Cooper, 1931

Genus Bockelia Neuman in Neuman and Bruton, 1989

Type species. Bockelia angusticostata Neuman, in Neuman and Bru-
ton, 1989; original designation. Lower Hovin Group (Hølonda For-
mation), Norway. Darriwilian.

Emended diagnosis. Concavoconvex transverse shells with

parvicostellate ornamentation. Delthyrium partially closed

by a pseudodeltidium. Large platforms in both valves.

Prominent dorsal septum reaching its maximum height at

the edge of platform. Cardinal process thickened posteriorly,

filling a narrow notothyrial platform bounded by strongly di-

vergent socket ridges.

Remarks. Neuman and Bruton (1989) differentiated their
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new genus Bockelia from Tourmakeadia Williams and Curry,

1985, from the almost coeval Tourmakeady Limestone of

Ireland, on the basis of the consistent presence of a pseu-

dodeltidium and a shorter and convex notothyrial platform.

However, they left open the possibility that differences be-

tween the Norwegian and Irish material are due to preser-
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Figure 8. 1–16, Bockelia canalis sp. nov.; 1–2, ventral valve, CEGH-UNC 25829, internal mold and latex cast; 3, internal mold of ventral valve,
CEGH-UNC 25821c; 4–5, ventral valve holotype, CEGH-UNC 25834, internal mold and latex cast; 6, ventral internal mold CEGH-UNC 25807; 7–
8, juvenile dorsal valve, CEGH-UNC 25831, internal mold and latex cast; 9–10, dorsal valve, CEGH-UNC 25828, internal mold and latex cast; 11–
13, dorsal valve, CEGH-UNC 25830a, internal mold, latex cast, and fragment of ornament (latex cast) of the same individual; 14–16, dorsal valve
holotype, CEGH-UNC 25834, internal mold, latex cast, and detail of cardinalium. 17–23, Aegiromenidae gen. et sp. indet.; 17–18, juvenile dorsal
valve, CEGH-UNC 25861, internal mold and latex cast; 19–20, dorsal valve, CEGH-UNC 25836, latex cast of fragmentary exterior and internal
mold; 21–23, dorsal valve, CEGH-UNC 25900, latex cast of exterior, internal mold, and latex cast of interior. Scale bars 1–16= 2 mm; 17–23= 1 mm.



vation, e.g., internal and external molds in Bockelia, silici-

fied shells in Tourmakeadia. Cocks and Rong (2000) con-

sidered such differences as having subgeneric rank and

placed Bockelia as a subgenus of Tourmakeadia. The material

from the Los Azules Formation is comparable in most fea-

tures to Bockelia and supports its recognition as a separate

genus, as Neuman and Bruton (1989) originally proposed.

As conceived herein, Bockelia differs from Tourmakeadia

by having (1) a variably developed pseudodeltidium, (2) a

considerably larger dorsal platform surmounted by a sep-

tum increasing in height and thickness towards its edge,

and (3) a thickened and posteriorly facing cardinal process,

merging with the socket ridges. In Tourmakeadia there is

no evidence of a pseudodeltidium, the dorsal valve lacks a

septum, the notothyrial platform is larger and concave, and

the cardinal process is a thin ridge not projected posteriorly.

Calyptolepta Neuman, 1976, is comparable to Bockelia in

having a small pseudodeltidium, ventral platform, and an-

teriorly thickened dorsal myophragm, but differs from it by

the presence of a bema. The closely related Ujukella An-

dreev, 1993 (considered a junior synonymous of Calypto-

lepta by Cocks and Rong, 2000) differs from Calyptolepta by

having an undercut cardinal process and two well-defined

submedian septa (Egerquist, 1999). In the classification of

plectambonitoids, both bema and undercut cardinal process

are considered family rank features (Cocks and Rong, 1989),

and for this reason Calyptolepta is referred currently to the

family Grorudidae and Ujukella to the Leptestiidae. How-

ever, the phylogenetic significance of the bema needs to be

tested by further cladistic analyses and, a priori, its poli-

phyletic origin cannot be discarded.

Bockelia canalis sp. nov.

Figure 8.1–16

Derivation of name. Latin, canalis, channel; referring to the

deeply excavated mantle canals.

Diagnosis. Shell small, transversely semielliptical; equipar-

vicostellate ornamentation of four to five rounded costellae

per millimeter at commissure. Ventral platform extending

for over 80% of valve length, less accentuated in the an-

teromedian part. Vascula media deeply impressed, almost

straight, diverging from each other c. 60°. Cardinal process

expanded posteriorly and joined with the socket ridges.

Notothyrial platform low, unbounded anteriorly. Dorsal

platform gradually developed through ontogeny, highly

elevated and undercut medially, surmounted by a dorsal

septum strongly raised and thickened anteriorly.

Type material. Holotype: CEGH-UNC 25834 (internal mold of

dorsal valve). Paratypes: CEGH-UNC 25830a (ventral exte-

rior); CEGH-UNC 25830b, CEGH-UNC 25832, CEGH-UNC

25833b (dorsal exteriors); CEGH-UNC 325807b, CEGH-UNC

25821b, CEGH-UNC 25821c, CEGH-UNC 25829a (ventral

internal molds); CEGH-UNC 25828, CEGH-UNC 25830a,

CEGH-UNC 25831 (dorsal internal molds).

Geographic occurrence. Cerro La Chilca, San Juan Province,

western Argentina.

Stratigraphic occurrence. Lower member of the Los Azules

Formation, Middle Ordovician (early middle Darriwilian).

Description. Shell small (maximum width in available ma-

terial 7.5 mm), transversely semielliptical (average length/

width ratio 0.59), cardinal extremities acute. Ventral valve

gently convex with low rounded fold on the anterior half.

Ventral interarea apsacline transversely striate, 10–12% the

length of valve. Delthyrium apically covered by an arched

pseudodeltidium. Dorsal valve gently concave with a well-

defined sulcus on the anterior half. Dorsal interarea narrow,

steeply anacline to hypercline. Notothyrium with small chi-

lidium. Ornamentation incompletely known; a single frag-

ment of dorsal valve with equiparvicostellate ornamentation

consisting of four to five rounded costellae per millimiter

at the lateral margin. Concentric ornamentation of closely

spaced fila.

Ventral interior with subtriangular muscle field ex-

tending anteriorly for about 25% of the valve length, bounded

by short dental plates slightly convergent towards valve

floor. Diductor scars subrectangular, narrow, rounded ante-

riorly, slightly longer and deeply impressed than the adduc-

tor field. Ventral platform large, subparallel to the margin,

extending for over 80% of the valve length, less accentuated

in the anteromedian part, with radial striae along its mar-

gin. Mantle canal system with almost straight, unbranched,

deeply impressed vascula media originating from anterior

ends of diductor scars, diverging from each other at c. 60°,

reaching the platform margin distally.

Dorsal interior with simple cardinal process expanded

and joined with the socket ridges posteriorly, elevated

above hinge line. Brachiophore bases strongly converging
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towards valve floor to define a low notothyrial platform

unbounded anteriorly, almost entirely filled by the cardinal

process in adult specimens. Sockets elongate, deeply in-

cised, flanked by robust, widely divergent socket ridges.

Dorsal platform gradually developed through ontogeny

(see below) reaching in adult individuals the same size as

the ventral platform, bilobed in outline, highly elevated and

undercut medially. Dorsal septum not discernible poste-

riorly, becoming strongly raised and thickened anteriorly,

reaching its highest point at the platform edge. Muscle

field poorly defined consisting of a pair of suboval scars in

which adductors and diductors cannot be differentiated.

Dorsal mantle canals with a pair of straight, well impressed

vascula myaria divergent anterolaterally at 55–60°, pass-

ing through gaps in the platform edge; one or two pairs of

shorter and narrower radial canals cutting the platform,

apparently branched from the main trunks of vascula myaria.

Valve floor outside the platform crenulated in both valves.

Ontogeny. The sample includes valves of different sizes

illustrating morphological changes through growth. In the

smallest available dorsal valve (3.6 mm wide) there is only

a short ridge placed at valve midlength (Fig. 8.7) and a low

undulation of valve floor anterior to the ridge constitutes

a rudiment of the platform. In such small individuals the

external ornament is reflected internally over the entire

valve surface except for a small area anterior to the no-

tothyrial platform. A somewhat larger specimen (4.4 mm

wide) shows a slightly higher and longer dorsal septum cul-

minating on a shallow elevation of the valve floor, which

corresponds to the median indentation of the platform of

adult individuals (Fig. 8.10–11). The ventral platform also

developed gradually during ontogeny. In a juvenile valve

measuring 6 mm wide (Fig. 8.2–3) it is low and poorly de-

fined anteromedially. Moreover, distal parts of vascula media

are not discernible because the internal surface is covered

by radial ribs reflecting external ornamentation. In juvenile

individuals the ventral muscle field is proportionally shorter

and the interarea it is lower than in adults. The pseudodel-

tidium is already present in early growth stages.

Remarks. The new species B. canalis differs externally from

B. angusticostata by its smaller size, finer ornamentation,

and somewhat lower ventral interarea. Some Precordilleran

specimens display rugae along the posterior margin, which

have not been observed in the Norwegian species. Although

the interiors of both valves are similar, B. angusticostata

lacks conspicuous vascula media in the ventral valve and

its ventral platform is somewhat smaller and interrupted

medially.

Family AEGIROMENIDAE Havlíček, 1961

Aegiromenidae gen. et sp. indet.

Figure 8.17–23

Material. Two external molds of dorsal valve CEGH-UNC

25836b, CEGH-UNC 25900; three internal molds of dorsal

valve, CEGH-UNC 25836a, CEGH-UNC 25861, CEGH-UNC

25899.

Geographic occurrence. Cerro La Chilca, San Juan Province,

western Argentina.

Stratigraphic occurrence. Lower member of the Los Azules

Formation, Middle Ordovician (early middle Darriwilian).

Description. Shell minute (up to 3.3 mm wide), semielliptical

in outline (length/width ratio 0.57 in the largest specimen);

cardinal extremities acute. Dorsal valve gently concave,

with a shallow median sulcus. Interarea low, anacline. Equi-

parvicostellate ornamentation consisting of 10–12 primary

ribs and two orders or somewhat finer costellae arising

mainly by intercalation, numbering eight to 10 costellae

per millimeter at the anterior commissure. Closely spaced

growth lamellae better defined in interespaces. Protegulal

node occupying about 20% of the valve length. Cardinal

process undercut, ankylosed to slender socket ridges

strongly divergent initially, then becoming subparallel to

the hinge line. In a juvenile individual, a semielliptical de-

pression immediately anterior to the cardinal process

probably corresponds to the protegulal node. No traces of

bema. Median septum varying from very short and low to

scarcely perceptible, formed by papillae aligned along the

median area. Numerous small papillae randomly distributed

on inner surface. Muscle scars and other internal struc-

tures not preserved.

Remarks. The placement of the present species within

the aegiromenids, considered here as having familial rank

following Benedetto (2012), is likely because of the combi-

nation of the undercut cardinal process and the lack of a

clearly developed dorsal platform. Within this clade, our ma-

terial is comparable to the group of species of Aegiromena
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that Rong et al. (2013) included in the new subgenus Ae-

giromena (Aegiromenella) Rong, Huang, Zhan and Harper,

2013, which is characterized by its minute shell size, ab-

sence of bema, and faint to almost absent dorsal septum.

These species occur in considerably younger strata (Katian

and Hirnantian), commonly in deep water environments.

The aegiromenid Gatosella Benedetto, 2012, from the up-

permost part of the San Juan Formation, differs by having

unequally parvicostellate ornament with four to six fine

parvicostellae between the primary costellae. Internally,

Gatosella resembles the present species in lacking bema

and in possessing a short thin dorsal septum, but differs by

having a rudimentary platform delineated by elongate

papillae. However, the absence of information on the ven-

tral valve, which in Gatosella possesses a characteristic

platform formed by radially arranged septules, makes fur-

ther comparisons impossible.

Order PENTAMERIDA Schuchert and Cooper, 1931

Suborder SYNTROPHIIDINA Ulrich and Cooper, 1936

Superfamily PORAMBONITOIDEA Davidson, 1853

Family SYNTROPHIIDAE Schuchert, 1896

Genus Syntrophia Hall and Clarke, 1893

Type species. Triplesia lateralis Whitfield, 1886; original designation.
Cassin Formation, USA. Lower Ordovician.

Syntrophia? sp.

Figure 6.6–7

Material. Internal and external molds of a dorsal valve,

CEGH-UNC 25836.

Geographic occurrence. Cerro La Chilca, San Juan Province,

western Argentina.

Stratigraphic occurrence. Lower member of the Los Azules

Formation, Middle Ordovician (early middle Darriwilian).

Description. Shell small, 2.8 mm long, transversely elliptical

in outline, slightly wider than long, with narrow curved hinge

line; lateral and anterior margins uniformly rounded. Exter-

nal surface smooth. Dorsal valve gently convex, maximum

thickness around the umbo. Commissure rectimarginate. In-

terior with narrow, short septalium simplex supported by a

bladelike median septum extending for over 28% of the

valve length.

Remarks. The single dorsal valve of this small pentamerid

is comparable to Syntrophia in having smooth exterior, non-

plicate shell, and a small spondylium simplex. However,

since the ventral valve is unknown, generic assignment

remains questionable. The species Syntrophia sanjuanina

Benedetto in Benedetto et al., 2003, recorded in the upper

Tremadocian levels of the underlying San Juan Formation,

also lacks a median plication but differs in its larger size,

proportionally longer hinge line, and more convex dorsal

valve.
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